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Mr. Uthemann, a Member of the Engineer Council of the 
German Navy, has recently made a series of experiments to 
discover a process that would prevent the corrosion of copper 
and of its alloys by sea-water. Before giving the results of 
his experiments, some facts relative to this problem may be 
recalled as germane to it. 

The employment of copper-sheathing for the immersed ex- 
terior part of the hulls of wooden sea-going vessels dates back 
to 1761, when the British Admiralty, for the first time, com- 
menced its use for preventing the adherence of barnacles and 
similar accretions to their hulls. 
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After the introduction of steam machinery into sea-going 
vessels, copper and its alloys soon superseded cast iron for the 
enormous quantity of piping required and for other purposes, 
on account of its less weight and bulk, properties of great 
value in that case, and which became more and more im- 
portant as the power to be developed in the same sized vessels 
became greater and greater. 

In proportion to the greatness of this development, the cor- 
rosion of copper, which was so little at the beginning of its 
use that it might be considered negligible, became important. 
Thus, in 1883, this corrosion was from five to six times as 
much as previously. Stolzel attributes that increase to the 
increase of the impurities in the copper The impurities 
in question were derived from the mineral matter in the 
foreign ore imported into England to meet the increased 
demand for the metal, and were in a very much greater pro- 
portion than in the purer native ore that had previously 
furnished the copper needed. 

At this epoch Davy experimented on the protection of the 
sheathing-copper of wooden sea-yoing vessels by placing it in 
contact with electro-positive metals that were more easily 
attackable, such as iron and zinc. He ascertained that the 
protection was complete as long as the surface of these metals 
was maintained at from the j;th to the ;4jth of the surface 
of the copper to be protected. But, unfortunately, this process 
produced carbonates of lime and of magnesia which increased 
the development of barnacles and of algae, this causing a still 
greater increase in the resistance of the vessels. Neverthe- 
less, further researches, confirmed by practice, showed that by 
adopting from the ;4,;th to the ;,4,th for the ratio of the 
surfaces referred to, this disadvantage disappeared and the 
copper remained clean and free from attack. Ultimately, 
however, the method was definitively abandoned owing to 
practical reasons. Later, the investigation was again under- 
taken in the laboratory of the Toulon arsenal, by Becquerel, 
who attributed the practical failure of the method to the fact 
that the protecting metal disappeared much more rapidly than 
had originally been foreseen. 
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Since 1883, this question has again arisen, not for the pro- 
tection of the external sheathing of wooden vessels, but for 
the preservation of the copper and brass tubes of the surface- 
condensers of marine steam-engines, and for the preservation 
of their brass feed-pumps and bilge-pumps, etc., the rapidity 
of the destruction of which in a large number of merchant 
ocean-steamers seemed so great as to have caused the aban- 
donment of copper and its alloys as too costly in favor of the 
use of wrought and of cast iron, notwithstanding the incon- 
venience of the frequent renewals of the latter needed. The 
cause of this corrosion of copper and of its alloys, is certainly 
of an electrolytic nature, and should be attributed to the 
impurities in the metal, but the kind of these impurities and 
the forms under which they are present play a more import- 
ant part than their proportion in the metal. The remark 
should be here made that copper refined in the dry way by 


the ordinary processes, but still containing a little oxide, is. 


less attackable than the chemically pure copper obtained by 
electrolysis. 

The alloys of copper have given no more satisfactory 
results than that metal itself. The demand of the specifica- 
tions, for example, that the foreign matters should not exceed 
six-tenths of one per centum of the copper, has no great im- 
portance as regards resistance to the attack of sea-water. 

Finally, the concentration, the composition, and the tem- 
perature, of the sea-water, seem to have great influence on 
the rapidity of the corrosion. Thus, a sea-water more con- 
centrated with marine salt, richer in chloride of magnesium, 
and hotter, as in the case of the condensing water flowing 
from a surface condenser; or, simply in the case of tropical 
sea-water near certain coasts, is greatly the most corrosive. 

All these facts show clearly that no great protection is to 
be had from any modification in the composition of the cop- 
per, and that the best chance is an investigation whether a 
coating or covering—metallic or non-metallic—could be found 
that would hermetically separate the sea-water from the metal ; 
such, for instance, as tar, asphalt, caoutchouc, varnishes, lac- 
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quers, tin, zinc, and the American coating invented by Sabine, 
which is one of the best. Nevertheless, none of these coatings 
has given satisfactory results. All of them are too fragile, 
wear off too rapidly and scale off ; further, most of them very 
easily crack. The presence of these cracks causes the metal 
exposed by them to be attacked with much more intensity 
than if it had no protection. 

Lead should make a sufficiently good covering, but, un- 
fortunately for its efficiency, its thickness would have to be 
at least 0.12 inch, which would increase the weight of the 
tubes, diminish their diameter, augment their resistance to 
the flow of the condensing-water, and, finally, prevent the en- 
trance of the expanding tool in those of small diameter. 

Mr. Uthemann has likewise had recourse to a covering, but 
of a different nature from the preceding ones; it is an oxide 
of iron deposited by a strong electrolytic action upon the cop- 
per immersed in a mass of sea-water. .The idea of such a 
coating was suggested to him first by the experiments of Davy 
and of Becquerel, and then by the well known practical fact 
that the copper or brass tubes of surface condensers with cast 
iron shells are but slowly attacked by sea-water. 

As an intense electrolytic action can be produced at only a 
short distance, the piece of copper or brass to be protected is 
enveloped by a wire or band of iron preferably to a band of 
zinc for the material, wound spirally around the piece; the 
zinc is, in fact, less electropositive than the iron, and, further, 
it has the inconvenience of dissolving in sea-water. If a 
copper-tube thus prepared be immersed in sea-water there will 
be a copious disengagement of gaseous bubbles and the liquid 
becomes simultaneously of a reddish-yellow color by reason 
of the formation of the oxide of iron at the expense of the | 
iron. 

At first, the copper remains bright, then the oxydation of 
the iron follows and the copper becomes covered between the 
spirals with iron which soon becomes sufficiently adherent 
not to be swept off by a very rapid current of water, even after 
the removal of the iron spirals. The same deposit is pro- 
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duced, but more slowly, under the spirals themselves. If the 
coating be scratched by a scraper or sharp edged tool, the 
copper beneath appears bright and unchanged. When all the 
surface of the copper is covered with a sufficiently thick 
coating, the attack of the iron seems to cease and the piece 
can be removed. The copper can then remain indefinitely in 
the sea-water without alteration, provided the coating be 
maintained in its integrity. The same results are obtained 
with the alloys of copper. 

If the tubes, or other pieces, be formed of pieces of different 
metals soldered together, one piece being of copper and the 
other pieces being of brass or other alloys of copper, the cor- 
rosive action is the same. Coated tubes, that is to say, tubes 
coated with tin or zinc, resist corrosion better than non-coated 
tubes. 

An experiment made with a copper tube coated with iron 
electrolytically deposited upon it showed that this coating of 
metallic iron dissolved entirely off in sea-water, and affords no 
protection because the surface of the copper becomes rapidly 
exposed. Only the oxide of iron produced by the process 
hereinbefore described is protective, and not the metallic iron 
itself. As the protection is the same whether given to copper 
or to its alloys, the employment of pure copper is preferable 
to the employment of the alloy of 97 per centum of copper 
and 3 per centum of zinc which has frequently been recom- 
mended as less attackable by sea-water, but it is more expen- 
sive and not as easy to work as copper. 

This mode of protection is just as properly applicable to the 
piping of bilge-pumps, as the water pumped by them is gen- 
erally acid and strongly corrosive; and to the channels of 
frigorific apparatus using a highly concentrated brine as the 
non-congealable liquid. 

Mr. Uthemann has made a great number of experiments of 
the kind precedently described. He has operated on copper 
tubes subjected to both flowing water and to stagnant water. 
These experiments have extended over two years. 

The arrangements adopted in the first case are represented 
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in Figure 1. A and B are the tubes operated on; they are 
placed in the circuit of an electrically driven pump which 
draws the water from a reservoir situated beneath them and 
delivers it into the same reservoir after its passage through 
the tubes. 

The conditions under which these experiments were made, 
reproduce as closely as possible those of the copper-conduits 
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ARRANGEMENTS ADOPTED FOR THE EXPERIMENTS WITH FLOWING 
WATER AND WITH STAGNANT WATER. 


of sea-going vessels. ‘The tubes A and B, like them, are sub- 
jected to the double influence of air and of sea-water which 
are the most favorable to their destruction. 

The apparatus was in use ten hours per day, and, owing to 
the arrangement of the tubes, the water remained in them 
during the rest of the day when the pump was not working. 

The water was renewed every fortnight, and the tempera- 
ture of the laboratory was maintained at 68 degrees Fahren- 
heit. 

The accompanying table contains the results of these ex- 
periments. 

Tubes of electrolytic copper and of ordinary copper were 
experimented with. These tubes were cleaned, polished and 
weighed, before each experiment. The experiments were 
simultaneously made, and under precisely the same condi- 
tions, on protected and on non-protected tubes, consequently, 
the results are rigorously comparable. 
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Also, the composition of the sea-water and the mode of 
assembling the tubes were varied ; and, finally, for ascertain- 
ing whether the protection were localized or communicated 
to adjacent parts, an experiment was made in which only one 
of the two tubes was protected. After each experiment, the 
iron wire wound spirally around the tubes, which constituted 
the protection, was taken off, the tube cleaned and washed 
with water, alcohol, and benzine, and then weighed. 

Any increase of weight (due to the deposition of the oxide 
of iron) indicated protection ; any decrease of weight indicated 
lack of protection, and, therefore, an attack on the copper ; 
this loss of weight increases with increase of time. 

The experiments in stagnant water were made on cylinders 
of thin copper, arranged as shown in the marginal figure 2; 
that is to say, in a glass vase. Cylinders were tried both of 
brass and of copper, or made one-half of each of these metals. 

The tubes, both of copper and of brass, used in surface- 
condensers, were also experimented with by this method. All 
these tubes were, like the others, polished and weighed before 
being experimented with. The spirals of protection were 
applied either solely on the interior, or, simultaneously, both 
on the interior and the exterior of the tubes. The tempera- 
ture was 68 Fahrenheit degrees, and the sea-water, taken 
from the Gulf of Danzig, was vaporised until it contained 3} 
per centum of salts. Mr. Uthemann employed a solution of 3 
per centum of ordinary salt and 0.5 per centum of chloride of 
magnesium. Finally, for the purpose of ascertaining whether 
the protection of the oxide of iron was obtained in acidulated 
water, he added, also, in certain cases, 0.1 per centum of hy- 
drochloric acid. 

At the commencement of the attack of the iron, there was 
formed on the protector a great quantity of rust which neces- 
sitates rinsings of the tube before its use. This formation of 
rust deteriorates but little the protecting steel spirals; one of 
these spirals one-fiftieth of an inch in diameter, after a year’s 
use had lost nothing of its cohesive strength or of its elasticity. 
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NOTE BY THE TRANSLATOR. 


The process set forth in the foregoing translation, is of a 
wholly new and very interesting method of preventing the 
corrosion by sea-water of copper, brass, and bronze under the 
conditions as nearly as they could be reproduced in which 
these metals are employed for the surface liquefaction of the 
exhaust-steam in the condensers of marine steam-engines. As 
all the other processes which have been tried for this purpose 
have been failures more or less signal, an entirely new one, 
supported by extensive experimental results, has great inter- 
est in steam-engineering, and even if it should not prove to 
be practicable, itself, on a commercial scale, it may be valu- 
able as a stepping-stone to something that will be commer- 
cially successful in a very important engineering subject. 
The process in question, and its results under the experiment- 
al conditions, of course, cannot be accepted as a finality until 
tested for a considerable length of time on the large scale and 
under the conditions of actual practice. But, under any cir- 
cumstances, the facts developed are suggestive to all physi- 
cists and increase largely the sum of this kind of knowledge. 

The general facts regarding the corrosion by sea-water of 
copper and brass, are substantially the same in the case of the 
sheathing by these metals of wooden sea-going vessels, and 
in the case of the copper and brass tubes employed in the 
surface-condensers of marine steam-engines. 

In both cases, the corrosion in question is of two kinds, one 
a uniform oxidation of the metal without sensible electrical 
phenomena, commencing with the first exposure and continu- 
ing until the final disappearance of the metal, the oxide and 
other products chemically produced having scarcely any ad- 
herence to the metallic base on which they are formed, and 
on which they merely rest as a sort of dust that continually 
washes off when the metal is laved by water, the washing off 
being so much the more rapid as the velocity of the washing 
water is greater. This continual oxidation and washing off 
of the oxide, constitutes the peculiar fitness of copper and 
brass sheathing for sea-going wooden vessels as a preventive 
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of the accumulation of marine animals on their immersed sur- 
faces, a growth that not only greatly increases their resistance 
to movement in water, but, in the seas infested with the 
“‘ teredo-navalis,” prevents the destruction of the wood itself 
by these ship-worms. In the case of the metallic sheathing, 
however, the continual washing off of the non-adherent oxide 
carries with it this sea-life as fast as formed upon it, and 
leaves the metal clean, thus avoiding the increased resistance 
due to such an accumulation. The sea-life develops as 
rapidly upon the oxide as it would upon the unprotected 
wood. There is no poisonous effect produced on the sea-life 
by the metal or by its oxide, the barnacles simply fall off as 
the non-adherent oxide to which they clung falls off. Neither 
does the smoothness of the metallic sheathing prevent the 
attachment of the sea-life to it, as that attachment takes place 
to glass as rapidly and as firmly as to wood. The entire bene- 
ficial effe¢t is due merely to the fact of the non-adhesion of 
the oxide of copper and brass to its metallic base, being in 
this particular the very opposite of the strongly adherent 
oxide of iron to its metallic base. 

Sea-water is a solution of strongly alkaline salts, and its 
corroding effect upon copper and brass is in some ratio to the 
percentage of these salts in it. This effect is increased by 
increased temperature of the solution and by the rapidity of 
the movement of the metals in it, and is decreased in some 
ratio to the mass of the metal exposed, all other things re- 
maining the same. As the mass of the exposed metal is 
increased, not only does the fercentage of the weight of it 
corroded in equal time decrease, but the absolute weight of it 
corroded in equal time decreases also. This is an effect due 
wholly to mass, the greater mass having greater resisting 
power to chemical reaction. A neglect of this fact in many 
experiments on this subject, have caused erroneous guantzta- 
tive conclusions, although the results may hold true guadita- 
tively. ‘The specimens of different metals experimented with 
should have the same weight, and, as nearly as this premiss 
will allow, the same dimensions. 
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The copper and brass sheathing of wooden vessels corrodes 
faster in sea-water when the vessels are in motion than when 
they are motionless, because, in the latter case, there is none 
of the washing action that exists in the former case and re- 
moves the oxide as fast as it is formed. When the vessels 
are motionless, the oxide adheres longer to its metallic base, 
and thus, in measure, reduces the rapidity of the corrosion by 
acting as a covering to the metals. The same result due to 
the same cause occurs with the copper and brass tubes of the 
surface condensers of marine steam-engines. But here must 
be remarked the important fact that as vessels not under way 
generally lie at the wharves of cities, and that as the sea-water 
in which they float is always more or less much polluted by 
the sewage discharged into it, the rapidity of the corrosion is 
increased, and often in a high degree by this pollution, so 
that in comparing the amount of corrosion produced in equal 
time with the vessel in motion and at rest, allowance must 
be made for the fact that the sea-water in the two cases is 
generally not of the same composition. Further, even were 
the sea-water of the same composition, there still remains the 
disturbing fact that the vessel at the wharf is subject to the 
movement of the tides and other currents over its. sheathed 
surface which prevent’a strictly quantitative comparison of 
the corrosion results in the two cases of motion and at rest. 
In this respect the conditions for the sheathing varies from 
those for the tubes in the condenser; the corrosive solution 
does not move over them when the vessel is at rest, and ought 
not to be present, but, as owing to the leakage of sea-valves, 
the condenser in such case is generally filled with outside 
water up to the outside level, and which remains in them 
practically motionless, the corrosion of the tubes will be less 
when the vessel is at the wharf than when it is in free route, 
the composition of the sea-water being the same, nevertheless, 
corrosion even then will be more or less in ‘progress. 

The corrosion hereinbefore described, is, as was stated, gen- 
eral in character and uniform in effect; it was a coating 
removed from the entire surface of the metal, leaving the 
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remainder clean and smooth. This corrosion was compara- 
tively slow in its progress, and the injury done by it was not 
commercially important. Of course, it involved, after a time, 
a replacement of the metal, but the time at which this had to 
be done could be long foreseen, so that the inconvenience was 
comparatively small. 

But there is another kind of corrosion in progress nearly 
simultaneous with the corrosion just described, and it is greatly 
more destructive and inconvenient. It is local instead of 
general, and attacks the metal in the most capricious manner, 
leaving some portions untouched while adjacent portions are 
absolutely destroyed to dust and gone. This is the kind of 
obvious corrosion which is attributed to want of homogeneity 
in the metal, and to electrical action, when the metal is in 
contact with sea-water. It commences by the appearance of 
extremely small holes—pinholes—more or less near each 
other, but only in particular spots on the metal, which holes 
gradually enlarge until they become sometimes confluent like 
the pustules of the smallpox, and sometimes they permanently 
preserve their circular form, the corrosion ceasing at that 
place and not extending farther, the edges or sides of these 
holes being nearly at right angles to the surface of the metal, 
and showing nearly the original thickness of the metal. They 
appear like holes artificially bored through. In this manner 
half of a tube in a surface-condenser will sometimes be com- 
pletely destroyed while the remaining half will show no 
appearance of attack. Again, this kind of corrosion will con- 
tinue slowly until it extends throughout the entire tube, 
which, while preserving its general form, has lost weight, 
color, and cohesive strength, and crumbles into dust by hand- 
ling. Given, however, sufficient time, the copper or brass 
tube will disappear, having been apparently wholly dissolved 
by the sea-water. Or, more properly, the metal having be- 
come wholly chemically combined with the marine salts, and 
with the gases dissolved in the water, the results of the combi- 
nation being various products in the liquid state, none of the 
metal being recoverable, as such, by evaporation. The pro- 
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cesses of the various reactions are exceedingly complex and 
obscure, and have never been convincingly investigated. All 
that is known is the final effect as shown by practice on the 
large scale and extending over, comparatively, considerable 
periods of time. Laboratory experiments are indeed most 
valuable, but only as guides to trials under the actual condi- 
tions of practice. As regards either palliatives for or preven- 
tions of, the corrosion in question, the commercial success 
involves not only the chemical success but also the money 
cost of the system; if that cost be greater than the cost of 
replacing the deteriorated metal, the method will be practi- 
cally a failure however great its scientific success. 

The same processes, appearances, and results, characterize 
the corrosion of the metal when employed as an external 
sheathing to the immersed part of the hull of a sea-going 
’ wooden vessel, as in the case of the tubes of the surface-con- 
denser of a marine steam-engine. 

What has hereinbefore been stated, refers to the corrosive 
action of pure or normal sea-water, but when this water is 
mixed with putrescent vegetable matter, reactions take place 
between them which convert the sea-water into what is known 
as “ bilge-water,” the corrosive power of which on copper and 
brass is much greater than that of normal sea-water, so that 
the destructive action of the latter upon these metals is very 
considerably accelerated. 

The term ‘bilge-water’’ shows that this water was first 
observed in the “bilges’” of wooden sea-going vessels, the 
putrescent vegetable matter required to be mixed with normal 
sea-water to form it, being supplied in that case by the de- 
caying wood of the vessel, while the sea-water was supplied 
by inleakage from without. Bilge-water will rapidly destroy 
copper, brass, and iron pipes, made of ¢zz rolled metal ex- 
posed to it; but cast copper, cast brass, and cast iron pipes, 
being made much /Azcker in material, resist much longer 
under the same circumstances than in the ratio of the differ- 
ence of the thicknesses of the rolled and cast material. 
Again, bilge-water is found on a large scale at the wharves 
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of cities laved by ocean tides, and whether these wharves be 
built of wood or stone; the putrefying vegetable matter being 
abundantly furnished by the sewerage discharge of these 
cities into the sea-water at their wharves. Hence, the rapid 
destruction that has been noticed in many cases of the copper 
and brass sheathing of wooden vessels lying for any consider- 
able time at such wharves. Moreover, the iron boilers of 
steam-engines fed with this water are found to be not only 
rapidly corroded out, but kept free of sea-water scale by using 
this wharf-water ; and the same effect is produced by feeding 
the boilers of marine steam-engines having jet condensers on 
board of wooden sea-going vessels with bilge-water instead of 
with normal sea-water from the hot-well. 

Bilge-water is the best of all removers of sea-water scale 
from boilers, but it will, at the same time, attack their ma- 
terial. 

In the chemical reactions between putrescent vegetable 
matter and the various dissolved salts of normal sea-water, the 
sulphur salts of the latter appear to furnish by their decom- 
position the sulphur which combines anew with the decaying 
woody matter. These new sulphur-compounds seem to be 
the corrodents carried by the bilge-water as a vehicle, and 
they are as corrosive in their vaporous as in their liquid state. 
They vaporise with the water, and have the strong and nause- 
ating stink which characterises bilge-water; so much sulphur, 
so much stink. This vapor also reacts energetically on silver, 
on iron, on white-lead paint, and on a great many other sub- 
stances. 

The fetid odor of the gases continuously discharged from 
bilge-water compared with the nearly odorless steam evapo- 
rated from normal sea-water, and the strongly corrosive reac- 
tion of those gases compared with the neutral effect of steam 
from normal sea-water, show how great are the chemical 
transformations produced by the addition of putrid vegetable 
matter to sea-water. The transformations in question occur 
at all temperatures above the freezing point of the water, but 
they take place the more rapidly the higher the temperature. 
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Healthy wood, without rot and entirely submerged in sea- 
water, does not undergo decay as long as it is kept submerged. 
In that condition it will remain unaffected indefinitely, but it 
must not be alternately submerged and exposed to the atmos- 
sphere at intervals; the immunity only exists under the 
condition of uninterrupted exclusion of the atmospheric gases; 
as soon as they obtain access to it decay commences. 

The Chzcora, a wooden sailing merchant vessel employed in 
the China trade, was newly sheathed in January, 1847, with 
7,392 pounds of copper, which was corroded so rapidly that 
the vessel had to be resheathed in March, 1849, only 2,682 
pounds of the metal remaining. ‘Time, 26 months. 

The Hamilton, also a sailing wooden merchant vessel em- 
ployed in the India trade, was newly sheathed in October, 
1847, with 7,706 pounds of annealed copper, which corroded 
so rapidly that it had to be removed in August, 1849, only 
3,086 pounds of the metal remaining. Time, 22 months. 

The Carthage, a wooden sailing merchant vessel, also em- 
ployed in the India trade, was newly sheathed in November, 
1847, with 8,727 pounds of cold-rolled copper, which was so 
rapidly corroded that only 5,810 pounds remained when the 
vessel was resheathed in August, 1849. Time, 21 months. 

The average duration of copper sheathing on American 
wooden vessels engaged in foreign trade, was 3 years, at the 
expiration of which time what remained of it had to be re- 
moved. ‘The sheathing was of ordinary commercial copper. 

The wooden vessels of the United States Navy, were for- 
merly sheathed with copper refined to the highest degree in 
the Washington Navy Yard where the Government maintained 
a special plant with which no expense was spared in purifying 
the sheet-copper. The average duration of this sheathing on 
these vessels was about 5 years. 

A number of years ago a wooden vessel belonging to the 
British Navy, and engaged in the suppression of the Slave 
Trade on the western coast of tropical Africa, had its copper- 
sheathing destroyed in an unprecedentedly short time. This 
vessel lay closely off a low coast of swamps of immense extent, 
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the tide covering and uncovering, them alternately; the de- 
caying matter of the swamp vegetation becoming largely 
mixed with the surface sea-water, formed doubtless the result- 
ing principal corrosive agent, namely, sulphuretted hydrogen. 

Similarly, the land above the Mare Island Navy Yard in 
California, is covered to an enormous extent with fresh-water 
swamps, the water of which, impregnated with the putrid 
parts of this continually dying vegetation, flows slowly past’ 
the wharves of the Navy Yard where it is mingled with the 
mixture of sea-water and fresh water from the adjacent bay 
and the rivers emptying into the bay. This mixture has 
an average density of five-eighths of the density of natural 
sea-water, and is so corrosive that the iron boilers of the shops 
of the Navy Yard using it for feed never form scale; their 
inner surfaces are always clean and undergo rapid destruction 
by corrosion. 

The feed-water pipes -and the bilge-water pipes of the 
United States wooden steam-frigate Sax /acinto were wholly 
destroyed by corrosion in about 5 years. These pipes were 
of copper, and being situated in the bilge of the vessel were 
exposed to the action of the bilge-water which was the cor- 
roding agent. 

During the same time (about 5 years), the tinned brass tubes 
of the Pirsson surface condenser of the engines of the Sax 
Jacinto were so much corroded by the sea-water passed over 
them for the liquefaction of the exhaust steam that they had 
to be removed. ‘The shell of the condenser was of cast-iron, 
and but slightly affected. 

The United States screw-steamer Princeton was constructed 
of green white oak. The bilge-water in this vessel was ex- 
tremely fetid, so much so that the engine-room personnel had 
to hold their noses when they first went on watch until they 
became gradually accustomed to the stench. When the 
vessel was under steam there was a copious admission of sea- 
water to the bilges at the stern stuffing-box of the screw-shaft. 
The engines, twoin number, had jet-condensers, and the boil- 
ers were fed with sea-water from their hot-wells. The Prznce- 
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fon had no bilge-pumps worked by the engines, but the bilge- 
water was pumped out by the vertical single-acting air-pump 
of one of them, which pump was fitted with a snifting-valve 
at its bottom; whenever this valve was submerged by the 
bilge-water, it was opened by hand and held open until the 
bilge was cleared of water. Now the bilge-water, by this 
arrangement, was pumped into the hot-well and thence over- 
board through the outward delivery-valve, a part of it passing 
from the hot-well with the normal hot-well water into the 
boilers as a portion of their feed. The bilge was pumped out 
about every two hours. The density of the water in the boil- 
ers was maintained at twice the density of sea-water, and the 
steam-pressure averaged about 12 pounds per square inch 
above the atmosphere. Yet no scale ever formed on the 
interior surfaces of the boilers, but their metal corroded with 
extraordinary rapidity. In about 4 years’ use they were cor- 
roded beyond repair, although, during that time, they were 
once extensively repaired. In about the same time (4 years’ use) 
the brass of the air-pump, the feed-pump, and of the outboard 
delivery valve, and the cast-iron of which the connecting pas- 
sages was nade, had become so corroded as to need renewal, 
while the copper feed-pipe, which was situated low down in 
the bilge, was continually under repair. Now the correspond- 
ing parts of the other engine, which had been subjected to the 
action of only the normal sea-water of its air-pump discharge, 
remained unaffected, showing that the corrosion in question 
was due wholly to the bilge-water pumped overboard by the 
engine discharging it. 

The corrosive effect of sea-water on metal is much intensi- 
fied by mixing it, or supersaturating it, with atmospheric 
oxygen as in the case of spray. A striking example of this 
was shown at Vera Cruz in Mexico during our war with that 
country. Two medium sized cast-iron cannon had been 
placed vertically at the foot of the Mole or long pier extend- 
ing into the sea; they were sunk, to act as posts, into the 
earth for about one-third of their length, and during strong 
winds were exposed to the dash of fine spray driven against 
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them from the sea, and always in the same direction; the 
result was that the side of the cannon receiving the spray had 
been so much corroded that about one-third of the material 
had disappeared, the cannon having a flat surface on that side 
instead of a round surface, while the opposite side was not 
affected. The cannon were about 50 feet apart, and both 
were corroded in the same manner and to the same extent. 
It is quite possible that the sea-water pumped as injection 
through the tubes of the surface-condenser of a marine steam- 
engine, and supersaturated with atmospheric oxygen due to 
the dashing of the waves into the air, caused by movement of 
the vessel, or by winds, may, in this manner have its corrosive 
power considerably increased. In other words, the corrosive 
effect of sea-water supersaturated with oxygen, is probably 
much greater than when not thus supersaturated. 

There is still in the case of the surface-condensers of marine 
steam-engines, another possible cause increasing the corrosive 
effect of normal sea-water, namely, the electricity developed 
by the friction of this water upon itself and upon the metallic 
surfaces on which it flows. 

However small these causes may seem to be, fer se, yet 
when the relatively trifling weight of the metal subjected to 
the corrosion is considered in comparison with the very large 
weight of water coming in contact with it during consider- 
able intervals of time, even a small increase of the corrosive 
power of the water becomes important commercially. 

Some years ago, a large United States wooden steamship 
was fitted out at the Brooklyn Navy Yard for an extended 
cruise. The vessel which had just been newly coppered, lay 
in tide water at the Navy Yard Dock, and opposite to the dis- 
charge of one of the large sewers of the City of Brooklyn. 
The result was that when the vessel arrived in direct transit 
at Rio de Janiero in Brazil, the copper sheathing was so com- 
pletely corroded that it had to be entirely renewed; it was 
probably greatly disintegrated before the vessel left the dock. 
The mixture of the putrefying vegetable matter of the sewage 
with the sea-water had formed a liquid (real bilge-water) that 
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dissolved the copper. The stench of the sulphuretted-hydro- 
gen gas emitted by this liquid was nauseating in the extreme. 
The dock was a wooden platform resting on wooden piles 
partly out of water and partly in water. The tidal sea-water 
flowed among and around these piles. 

The following are the generalisations which may be consid- 
ered as warranted by the observations made on the large 
scale under the conditions of practice, regarding the corro- 
sion of copper, brass, and bronze, in normal sea-water, and in’ 
sea-water contaminated by putrefying vegetable matter (bilge- 
water). 

(a.) Normal sea-water contains dissolved in it sulphur com- 
pounds. Putrefying vegetable matter is dead vegetable mat- 
ter, the constituents of which are continuously undergoing 
changed relations of chemical affinity, the affinities that ex- 
isted between them in the living vegetable organism becom- 
ing continuously lessened to complete extinction in the dead 
vegatable matter, so that new chemical combinations can 
easily take place. Especially in this the case as regards the 
hydrogen-compounds is vegetable matter; the force of the 
chemical affinities of the constituents of these compounds 
greatly lessens in the change of the vegetable matter from life 
to death. 

When, therefore, the dissolved sulphur-compounds in the 
sea-water, are presented to the hydrogen-compounds in the 
changing dead vegetable matter, there occurs a double decom- 
position, and a new compound, sulphuretted hydrogen, is 
formed ; sometimes, also, there can be formed, additionally, 
hydrochloric acid by the combination of the hydrogen freed 
in the nascent state in the decaying- vegetable matter with 
the chlorine of the dissolved common salt in the sea-water. 
Now, both the sulphuretted hydrogen and the hydrochloric 
acid have excessive corrosive action on metals. Thus may 
be easily seen that, according to circumstances, accord- 
ing to the more or less decay of the vegetable matter, the cor- 
rodents so generated in equal time in a given mass of sea-water, 
may be greater or less in quantity and in virulence of action ; 
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and that the corrosive action due to the alkaline salts dissolved 
in normal sea-water may be greatly added to by the new sul- 
phur compound, and by other compounds, generated as above 
described, and which convert normal sea-water into bilge- 
water, the latter being by no means confined to the bilges of 
wooden ships, but being found wherever sea-water is mingled 
with putrefying vegetable matter. 

For normal sea-water, the corrosive action is due purely to 
the alkaline salts dissolved in it and which undergo decom- 
position in the presence of the metal, and destroy it by form- 
ing new compounds with it, thus forming one kind of corrosive 
action ; while, for bilge-water, another kind of corrosive action 
is added, thus accounting for the variety in the corrosive 
phenomena, and for the difference in the rapidity of the ac- 
tion. ‘There may, also, be stated that nearly all vegetable 
matter contains a little sulphur in some form dissolved in its 
sap and incorporated as foreign matter in its fiber. 

The hydrogen and oxygen of cellulose, when the cellulose 
decays and disintegrates, may decompose from their combina- 
tions and the former may unite with the sulphur of the sul- 
phur salts dissolved in sea-water, and, in some cases, with the 
chlorine of the common salt dissolved in sea-water. Further, 
the oxygen constituent of the cellulose, liberated in the nas- 
cent state furnishes an extremely efficient corrodent. Some 
electrical action no doubt is likewise a factor. 

The whole subject is very obscure and complex, but not so 
confused that a tolerably accurate idea cannot be formed of 
the causes and consequences of the corrosion in question. 

(a.) The corrosion of the metal is in all cases more or less 
rapid as it is more or Jess impure, not only because the im- 
purities may be more easily acted upon; but also because by 
separating the molecules of the pure metal farther apart, its 
cohesive strength is thereby correspondingly impaired. 

(6.) As regards the temperature at which the corrosion 
takes place, the higher the temperature of the metal, the more 
rapid is the rate of the corrosion. This result is doubtless 
due to the fact that the density of the metal decreases as its 
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temperature increases, its molecules being kept at a greater 
distance apart with higher than with lower temperatures 
whereby the force of the intermolecular or cohesion attraction 
of the metal is lessened in some ratio to its increase of tem- 
perature, and its resistance to chemical combination with 
other substances is thus correspondingly lessened. 

(c.) The larger the mass of the metal exposed to corrosion, 
other things equal, the smaller will be the rate of its corrosion ; 
that is to say, a less absolute weight of metal will be destroyed 
the greater its mass. 

In the case of condenser tubes, or of the metal sheathing of 
wooden ships, the thicker the metal the slower will be the 
rate of its corrosion, and not only relatively but absolutely. 
As regards the condenser-tubes, the thickening of their metal 
involves not only increased money cost at first, but increased 
weight to be permanently carried afterwards, and somewhat 
increased dimensions of the condenser. This money loss at 
first, however, is recouped at last by the greater durability of 
the tubes above the proportionality of their increased weight, 
leaving out of consideration the valuable convenience of their 
longer endurance which is a merit of importance especially 
for naval steamers. The thickness now used for the metal 
of the tubes should be doubled. 

The gain of resistance to corrosion in the case of increased 
thickness of metal, seems to come from the fact that the 
action of the corroding power is limited to the surface exposed, 
while the resistance to it is, in some ratio, proportional to the 
mass. The combined resistance of the intermolecular attrac- 
tion of the mass seems to be a factor in lessening the corrosion 
in a higher degree than the increase of the mass. 

(d.) Coating the tubes with tin delays their corrosion as 
long as the tin lasts, but its durability is not great, and its 
very slight thickness on the tubes cannot be increased beyond 
what is obtained from the first “dip.” This very small thick- 
ness of tin prevents the action of the tube-metal from taking 
an increased thickness of tin from additional “dips ;” and it 
also diminishes to an appreciable degree the heat conducti- 
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bility of the tube; nevertheless, this “tinning’’ should never 
be omitted, although it involves additional surface of tubes 
for equal heat-conduction in equal time. 

(e.) In surface-condensers the temperature of the exhaust- 
steam is always higher than the temperature of the metal of 
the tubes in contact with it; and the temperature of the metal 
of the tubes is always higher than the temperature of the 
water of liquefaction in contact with it. This water, which 
is the normal feed-water, has, therefore, in the condenser in a 
marked degree, a temperature inferior to the temperature of 
the steam from which it is precipitated. Statically, such 
results would be impossible, but the case is one of dynamics, 
the heatings, coolings, and replacements being successive and 
time not being sufficient for obtaining equilibrium. 

(f) The air-pump draws from the surface-condenser not 
only the feed-water but also the unliquefied, exhaust-steam ; 
it draws them simultaneously, and delivers them mixed to- 
gether into the hot-well, consequently there occurs in this 
operation an impartation of heat by the exhaust-steam to the 
feed-water, so that the temperature of the latter in the hot- 
well may be higher than in the condenser. Furthermore, the 
air-pump compresses the exhaust-steam from its pressure in 
the condenser to at least the atmospheric pressure in the hot- 
well, if the hot-well be open to the atmosphere, thereby 
increasing the heat in that steam by adding to it the heat 
equivalent of the work of the compression. 

(g.) The corrosion of the condenser-tubes is principally on 
their sea-water side, but their distilled-water side also suffers 
much, the corroding agents being the atmospheric gases 
mingled with the steam. This corrosion is quite uniform 
compared with the corrosion on the sea-water side, and the 
resulting oxides and salts are often carried into the boiler 
with the feed-water, and produce injurious effects upon the 
iron. 

(4.) The more rapid the current of the sea-water over the 
surface of the metal, the more rapid will be the corrosion, as 
the oxides and salts of the corrosion having but slight adher- 
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ence to their metallic base, will be more speedily and thor- 
oughly washed off, leaving the raw metal to be acted on. 

(z.) In the case of horizontal condenser tubes, there will 
often be found a partial coating on their upper sides of baked 
mud, sometimes as hard as brick. ‘This is mud deposited by 
gravity from the sea-water on the upper outer side of the 
tubes when the sea-water surrounds the tubes, and on the 
inner lower side when the sea-water passes through the tubes, 
and has been baked by the long application of the low tem- 
perature of the tubes. It is often mistaken for sea-water 
scale, but its nature may with certainty be known by mere 
inspection from the fact that it is not found on the lower 
outer side, or on the upper inner side of horizontal tubes, ac- 
cording as the sea-water is without or within them, nor on 
the outer or inner sides of vertical tubes. It is a great inter- 
cepter of heat and reduces correspondingly the steam-lique- 
fying power of the tubes. 

(7.) A surface-condenser should be opened at intervals, say, 
of six months; its tubes drawn out, cleaned, and examined 
with the particular view of ascertaining if any holes have 
been corroded through them by means of which the sea-water 
could find entrance into the distilled-water space. If any sea- 
water, however small in quantity, thus mingles with the dis- 
tilled-water feed, its mineral matters held in solution will be 
precipitated upon the water-heating surfaces of the boiler in 
the form of scale. Such leakage will be shown by the ‘“sali- 
nometer” if one be used, and one should always be in use, as 
it will indicate the gradual salting up of the water in the 
boiler even if the latter leak so that no undue accumulation 
of water in the boiler be apparent. Now, as there is always 
deficit of distilled water in all boilers under all circumstances, 
which deficit is restored by the “evaporator,” a certain amount 
of leakage of sea-water into the distilled-water space of the 
condenser may not be shown by a rising water-level in the 
boiler, but will always be shown by the increasing density of 
the water in the boiler made evident by the “salinometer ;” 
it will also be shown by the lessened quantity of distilled 
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water required to be furnished by the “evaporator.” The 
presence of even a small proportion of sea-water in the water 
in the boiler can be discovered by a delicate taste, and also by 
any of the usual chemical tests. But the fact that the con- 
tamination of the distilled water in the boiler by inleaked 
sea-water is due to the perforation of the tubes in the con- 
denser by corrosion, can only be shown by ocular demonstra- 
tion. 
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THE PRESENT STATUS OF MARINE GAS 
ENGINEERING. 


By PETER EYERMANN, ASSOCIATE. 


[Continued from Vol. XVII, No. 2, ‘‘ The Future of Marine Gas Engines.’’] 


In presenting this second paper on Marine Gas Engines to 
the Society, I shall deal with the internal-combustion engine 
as it appears today in all kinds of services on salt water as well 
as on fresh-water vessels. 

In my first paper I treated more particularly of the future 
development of the gas engine, and referred to the theory of 
the gas producers. In this paper I shall have to consider the 
present status and some details in regard to gas plants run- 
ning on liquid fuels as well as on solid fuels, and also propellers 
and engine connections. Some recent lectures, as they ap- 
peared in Europe, and parts of which are translated, gave some 
interesting additions to this paper. 

The development which the gas engine has undergone in 
the past ten years, especially in regard to reliability and the 
fuel-saving question, has influenced and encouraged both the 
builders and owners of vessels, and I think it worth while to 
present it in this paper. The first engines running in boats 
have been using illuminating gas. This gas was stored in big 
tanks under high pressure, as it was impossible to install an 
illuminating-gas factory on board. But the tanks required 
such a large amount of room and weight that they seriously 
influenced the tonnage of the vessel. This isthe main reason 
why only a very limited number of boats driven by city-gas. 
engines have been constructed. , 

In Paris there was a freight boat, /dée, running in the 
year 1895 between Havre and Rouen. The engine was of 
the two-cylinder vertical type, and is shown in Fig. 1. It had 
10 H.P., and the fuel, city gas, was stored in 80 tanks, with 
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Fig. 1. 


I,500 pounds pressure per square inch. Each tank had about 
800 cubic feet capacity ; therefore there were on board about 
64,000 cubic feet. A good modern gas engine consumes 
about 16 cubic feet per H.P. per hour; thus, the steaming 
time of this ship was 100 hours at 6 miles per hour, and gave 
a radius of action of 600 miles. Each tank weighed 715 
pounds, and the vessel was therefore carrying a dead weight 
of 57,200 pounds. 

A good kerosene engine will require about one pound of 
fuel per H.P. per hour, or 40 pounds for a 40-H.P. engine. 
It will therefore be seen that this boat, when using kerosene, 
will have an action radius of 7,200 miles, if we assume the 
weight of the fuel tanks at only 434 tons, which is a fair 
estimate. 

It was not surprising that the illuminating-gas engine was 
soon displaced by the developing of the oil engines. The latter 
were independent of city-gas plants and compressing stations, 
and much cheaper in service. 

The gasoline engine in the United States, and the kerosene 
engine in Europe, have been greatly developed since, and 
other liquid fuels, as alcohol, crude oil, etc., are also helping 
to supplant the steam engine. 
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One hundred and fifty years of marine steam engineering 
give, of course, some very valuable information as to “ how 
to build a good marine gas engine.’ No reliable concern of 
today has had good luck in placing a stationary steam engine 
in a boat, or in using a marine steam engine for a stationary 
electric-power plant. It is useless to try this in gas engines, 
where the question becomes more complicated, from the sim- 
ple rule, that each gas plant should be built to suit the spe- 
cific fuel, and not a specific engine type suitable for all fuels. 
More and more are direct reversible marine gas engines being 
placed on the market, and the devices in use now, such as re- 
versing coupling or reversing propeller, will disappear in the 
larger units. 

A very light engine with a very high number of revolu- 
tions is the explosion engine for light boats and launches, and 
this is the marine engine of the present. Reliable, heavy 
engines, with thousands of horsepower, have not yet been 
built. Bodt motors of today have 20 to 100 pounds per H.P., 
and stationary reliable engines have from 200 to 500 pounds 
per H.P. and more. 

As the usual four-cycle, single-acting engine with only one 
cylinder is not at all equal, in regard to steadiness and vibra- 
tions, to the steam engine, two, three and up to six and eight 
cylinders have been installed, thus obtaining a motor which 
works very steadily, and is satisfactory as regards the bal- 
ancing of the moving parts. 

Experiments in this regard, as using two pistons in one 
cylinder, have been made, but proved to be not successful and 
too complicated. The cylinders of these have all been hori- 
zontal. As the greater number of gas engines today are non- 
reversing, I will first briefly touch on the required details of 
reversing propeller and reversing coupling. 

It may be noted that in Europe the reversing propeller 
is just now more in favor than the reversing shaft coupling. 
Such a coupling is shown in Fig. 2; (a) is the rear crank of 
the gas-engine shaft, (b) the flywheel, (c) the propeller wheel, 
(d) the thrust bearing, and (e) the reversing clutch. A stronger 
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reversing coupling is shown in Fig. 3. The thrust of the 
propeller is directly on the friction cone, and sudden shocks 4 
on reversing are nearly avoided. All parts are enclosed in 
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oiltight casings, and it takes up a very small amount of room. 
The weight of it, for a 2? shaft, is only 725 pounds. 

In the last few years another type of reversing coupling 
has been developed—the so-called coil-spring friction clutch. 
These clutches are in use for 2,000-H.P. rolling-mill engines, 
and they will work well in boats. A picture for a boat 
outfit was shown in “Iron Age,” December 14, 1905, and the 
arrangement for a 800-H.P. steam engine is as follows: The 
engine has about a 10-inch shaft and 80 revolutions. This 
speed is cut down to 40 revolutions, and the gear works on a 
15-inch shaft. It is interesting from the marine engineer’s 
view to know that the engine has a 46-ton flywheel near this 
clutch. The coupled continuation of the engine shaft has a 
spur gear with 27 teeth, meshing with a 54-teeth gear on the 
clutch shaft, and a 28-teeth gear on the back shaft; on the 
other end of the back shaft meshes a 45-teeth gear with a go- 
teeth gear on the clutch shaft. All of these are spur gears 
and have a pitch of about five inches. It-will be noticed that 
the two spur gears on the clutch shaft are arranged to run at 
about 40 revolutions, in opposite directions. By means of one 
or the other of the two coil clutches either of these may be en- 
gaged at will with the shaft. The thicker end of each coil 
has a lug formed on it resting in a pocket at the side of one 
of the gears, while the other end is connected to the short arm 
of a bell crank on the same gear. When the flanged collar is 
moved it comes into contact with the bell-crank lever of the 
corresponding coil, and the last turn of the coil is tightened 
on its drum, so that the entire clutch grips with great power 

A good reversing coupling should have, however, the ad- 
vantages of all spur gears, and that it occupy a relatively 
small space. In backing the speed is less, and the work for 
the gas engine easier. It is usually not desirable to run the 
propeller for backing as fast as for ahead, on account of the 
higher friction. This fact is sometimes the cause for sudden 
shutdowns of the engine, and is especially bad in smaller 
craft, where an easy handling is often necessary. It is worth 
while to note here that the usual gas engine of today reduces 
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its energy and power with the reduction of revolutions, thus 
‘ acting just contrary to the steam engine, where, with larger 
openings of the valve gear, even more power is obtainable 
under fewer revolutions. The slowing down of the vessel re- 
quires less revolutions, and under these conditions the gas 
engine works very uneconomically, as the exploded mixture 
has too much time for the internal losses, due to the cooling 
influence of the water. 

Fig. 4 shows the diagram of a high-compression gas engine, 
and Fig. 5 the one of a high-pressure cylinder of a marine 
steam engine. The steam diagram may have about go pounds 
mean pressure and this gas engine diagram rather less, in 
spite of a six-times higher initial pressure for the gas engine. 
The three-throw crank shaft has about 14 inches diameter for 
a 2,000 H.P. steam engine; this would be, however, just suf- 
ficient for a gas engine having about half the power, namely, 
1,000 H.P. or 1,200 H.P. 
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The second way of reversing was found in constructing 

; reversible propeller wheels in connection with the non-revers- 
ible gas engine. A very interesting solution of a reversible 

‘ propeller is shown in Fig. 6 and Fig. 7. The condition was 
to install the gas engine in a boat having 12 inches draught 
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at no load and 72 inches at full load, with a speed of about 
14 miles per hour. The latter was allowing a small propeller 
wheel, but the great difference in depth, at first, caused con- 
siderable difficulty. A solution was found in combining a 
liftable propeller wheel with a reversing mechanism. ‘The 
force is transmitted by the shaft (a), through the rotating gear 
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Fig. 9. 


casing (b), by means of bevel wheels to the propeller shaft (c), 

as shown in Fig. 7. The thrust bearing acts on the two cas- 

ing bearings, thus transmitting the engine power to the ship. 

The reversing of the wheel is done by a rod (r), inside of the 

propeller shaft, and the blades are turned by teeth, acting like 
42 
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spur gears. - The entire mechanism is enclosed and safe. ‘The 
arrangement of lifting is shown in Fig. 10, at the stern, by 
means of a handwheel, screw and rod, at(m). The gas engine 
in this case is a standard, horizontal, stationary one, and belted 
to the main drive. 

As soon as the power is higher than 100 H.P. it is often very 
difficult to move these reversing levers by handalone. It was 
therefore required to install operating mechanisms for this 
purpose. Fig. 8 shows the vertical view of an arrangement 
whereby the power of the engine is used to reverse the pro- 
peller wheel. By a friction clutch (a), and gearings (b), and 
a claw coupling (c), those parts are connected, and act on the 
inside-shaft movable rod (d) for the blades. 

Here I will note that in the first years of their development 
reversible propeller wheels were strongly objected to by marine 
engineers in general. But now, after about twenty years’ ex- 
perience on these lines, it may be said that most factories 
have very little trouble due to defect in weak construction or 
to wear. ‘The greater portion of the complaints is due to ice 
or to running aground, and here it may be said that just such 
a propeller, with easily disconnected blades, is much more 
easily repaired, and at much less expense, than solid wheels. 
In the latter case the entire screw has to be renewed if only 
one blade is damaged. 

In regard to the reversing question it may be noted that the 
number of direct reversible engines is increasing every year, 
and there is no doubt that great development in this import- 
ant feature will follow, as was the case with the steam 
engine. The gas engine will never be considered perfect 
from the view of the Navy engineer, if it is not directly rever- 
sible. A good deal has been done already in this direction, 
however, and, besides some European concerns, there are some 
very good American makers coming in the market. The 
later makes are, in some cases, of the 6 and 8-cylinder type, and 
they have some advantages. Vibration is nearly eliminated, 
and, owing tothe increased number of cranks, these machines 
run as smoothly as the finest balanced steam engines. The 
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flywheel and weight are greatly reduced, as the torque and 
strains are almost continuous. If desired, the engine can be 
operated without a flywheel. An elevation is shown in Fig. 
g. Starting and reversing is as positive as in a steam engine, 
and the propeller is coupled at (m) direct to the engine shaft. 

The operation is as follows: The valve motion is shifted 
by the lever (L) from a central point to the forward or reverse 
motion, and on opening the compressed-air valve, the engine, 
having no dead centers, instantly starts up. The compressed 
air is then shut off. A small air compressor on the engine 
keeps up the supply of air. The steel tanks hold enough air 
for starting 20 or 30 times without pumping. In the very 
large engines there are auxiliary air-pump engines, which are 
similar to the auxiliaries supplied with a steam outfit. A 
number of Russian torpedo boats, with 1,500 H.P., have been 
equipped with these famous engines. 

Another method of reversing the motion of the engine is by 
advancing the spark, thereby causing a so-called “ kick back.” 
This feature is reliable enough for smaller boats. These en- 
gines with low compression can also be started ahead or astern 
at the will of the operator. 

Like all other igniter operating devices, this one is 
equipped with devices for changing the time of ignition, ac- 
cording to the quality of the fuel, as well as according to the 
speed at which it is desired to run the engine. 

In starting the engine the reverse lever is placed at a point 
which sets the igniters in such a way as to make the spark, 
after the piston starts on the downward stroke, in the direc- 
tion it is desired. In reversing, the electric-battery main 
switch is opened, and the lever moved across the quadrant to 
the opposite side. The switch is closed after reversing. 

As was natural, the gas engine was first introduced only in 
small sizes and in small craft. One of the earliest gas engines 
ever installed on water is probably the city-gas engine operat- 
ing the floating bridge over the Rhine, in Cologne, since the 
year 1882. This was a four-cycle Otto engine of special de- 
sign, with vertical shaft ; this type of engine has since been 
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abandoned. The four-cycle principle, however, is leading to- 
day in marine gas-engine building. The two-cycle principle 
is not yet so well developed. 

An early two-cylinder vertical kerosene engine of foreign 
make is shown in Fig. 10. It shows the lighter Zsse with 
a 16-H.P. kerosene engine. The boat has a speed of 8 knots. 
The engine shaft is coupled to the propeller shaft, and the 
screw blades are reversible. The operating wheel is on deck 
to the right of the steering wheel. It is interesting to note 
the relative costs per ton, mile and hour. At a kerosene con- 
sumption of about .88 pounds per H.P. an hour, and a price 
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of 2.3 cents per pound, the cost per one ton, knot, hour, for 
40 tons load was: (16 X 0.88 X 2.3): (8 X 40) =.10 cents. 
In reducing the speed to only 44 knots and using only a 6- 
H.P. engine the cost would be: (6 X 0.88 X 2.3) : (4.5 X 40) 
= .067 cents. At that time marine gas-engine practice was 
not so good as today, when it is known that there must be a 
proper relation of speed and load to obtain the best and most 
economical result. 

In 1896 the Petrolia was equipped with kerosene engines. 
She was built as a sail boat, having kerosene tanks of 210 tons 
capacity. She hada length of about 100 feet, beam of 18 feet, 
and 7 feet draught. The engine developed 20 H.P. at 360 
revolutions per minute ; the arrangement was in principle the 
same as in Esse. The cost per knot, ton, hour, has been re- 
duced to (20 X 0.88 X 2.33) : (210 X 4) = 0.048 cents, with 
a speed of about 4 knots per hour. It must be noted, on the 
other hand, that the expenses for the wages of the crew have 
to be considered as well. A similar early towboat has 50 feet 
length, 10 feet beam, and 5 feet draught, and is equipped with 
a 20-H.P. kerosene engine. ‘The speed is about 8} knots per 
hour. The propeller wheel has two blades, and is 3 feet 
in diameter. There is a tank of about 40 cubic feet capacity 
for the supply of the engines, which is sufficient for about 100 
hours’ run, or about 850 knots action radius for only 40 cubic 
feet of bunker capacity. The entire machinery equipment 
requires about + of the ship’s length. An equivalent power- 
ful steamer equipment would need about } of the ship’s length. 
With a coal consumption of 44 pounds per H.P. per hour, which 
is certainly fair, the comparison shows as follows: the above 
40 cubic feet would contain about 2,400 pounds of coal, which 
is sufficient for only 26 hours’ run, or about 221 knots action 
radius. Considering, however, the costs per H.P. hour, the 
comparison would stand as 1 to 2 or 1 to 3 in favor of the 
steam power. But as the action radius stands as 4 to I or 5 
to 1, so this example shows characteristically the great value 
of small motor boats as auxiliary craft to be kept on board 
of large men-of-war, and to be used in cases where quick action 
is required. 
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The arrangement of a foreign 4-cycle gasoline engine 
driving twin propellers is shown in Fig. 11. The two pro- 
peller shafts are each driven by a pair of open and crossed 
belts from a main pulley connected to the engine shaft. This 
atrangement, however, has proved to be not very satisfactory, 
as the belting on such short distances of the shafts did not 
work well. 

I will state here that it is advisable, for various qualities of 
liquid fuels, to use various arrangements of devices and 
methods to form the mixture in explosion chambers. Ob- 
vious, however, as this rule might be, there are numerous 
mistakes made. It has not been, and never will be, practica- 
ble to use the same devices for various fuels. One physical 
tule is to be observed for all similar combustions: separate 
the fuel in as fine and small particles as possible, and mix it as 
thoroughly as possible with the air. One of the best authori- 
ties, C. Stein,Germany, in this respect, says: ‘It is nonsense to 
attempt to build all marine combustion engines of a standard 
type. Each experienced engineer must know that the condi- 
tions in service for pleasure launches, tow-boats or naval pur- 
poses are entirely different. It would be certainly agreeable 
for the manufacturer to use one pattern for all systems, but it 
is wrong, as it will never suit the customer.” 
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Fig. 12 showsa horizontal marine engine with opposite cyl- 
inders. This pattern is specially suitable for high-compres- 
sion engines, and is to be made lighter or heavier, according 
to the fuel. Valves and igniters are mechanically operated, 
and the piston can be drawn, towards the crank shaft, without 
disturbing any other part. 

Fig. 13 shows an American engine of very well known 
make. It is based on the 4-cycle principle and has the follow- 
ing important features: A check valve in the air-suction, 
automatically-working suction valve, and mechanically-opera- 
ted exhaust valve ; an independent throttle arrangement for 
each cylinder, operated by hand as well as by a governor, a 
spark-timing device, and a hand-speed controller for the gover- 
nor. It is a specially good gasoline engine, and the air is 
heated by the exhaust before starting the mixture process. 
The exhaust can be made upright, as shown in Fig. 13, or sub- 
merged, but is provided in the latter case with an air check- 
The cooling water is furnished by a rotary pump driven from 
the main shaft, and an air compressor for the required com- 
pressed air for whistling and starting, is attached. The elec- 
tric spark is obtained by battery or dynamo. When distillate 
is to be used, there must be two fuel tanks—one small gasoline 
tank and a larger one for the distillate. The engine must be 
started with gasoline and should run long enough to warm 
the air heater sufficiently to vaporize the distillate. There is 
a reversing coupling for the propeller, and the operating lever 
is similar to a steam-engine arrangement. Larger engines are 
built on the same principle, but they have a mechanically- 
operated suction valve. The main objection to this engine 
is the inaccessibility of the cylinder heads for repairs; an 
advantage, however, may be said to exist in having both 
valves vertical in the cylinder head. 

A very interesting type of a 4-cycleengine, of foreign make, 
is shown in Fig. 14. It is now built up to 600 H.P. in one unit 
of 4-cylinders, with only 120 revolutions. The single-acting 
piston was accepted, and it reduces the weight of the engine. 
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High compression was preferred, as it is built as a special 
marine producer-gas engine. I will say here that I perferthis 
system for very clean liquid fuels, but not for producer gas. 














The engine shown has no cages for the valves and it is, 
therefore, necessary to remove the entire cylinder head if the 
valves must be cleaned. The cylinder hangs down from the 
heads, thus allowing a free expansion, and the strain of the 
explosions is taken up by a steel-plate structure. These are 
very remarkable features, but only time will prove if they are 
really good for marine purposes. The countershaft runs 
across the heads and operates the valves by single links, and 
the igniters are timed by means of a rod lying in this hollow 
countershaft. This arrangement, I think, is especially pre- 
ferable in smaller engines, as it allows an easy accessibility, 
and observation of the operating parts. For larger engines, 
however, it will probably be objectionable on account of wear 
and noise. 

For operating a boat in shoal water, however, it is necessary 
to provide other means for propulsion, and stern wheels are 
therefore preferred. Side wheels are used principally for ferry 



































Fig. 15. 
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boats where it is necessary to provide a clear space through 
the center of the vessel, and to make a landing with either end 
at the dock or slip. Fig. 15 shows the arrangement of a 
vertical gas engine, where the power is transmitted to the stern 
wheel by means of a worm-gear and sprocket-chain connection. 
Fig. 16 shows the installation of a standard horizontal station- 
ary engine in a boat, transmitting the power to the stern wheel 
by means of straight and crossed belts, and tight and loose 
pulleys, to a countershaft F ; thence to the wheel H by a 
sprocket-chain drive L. The reversing is done in case 41 
by a reversing clutch, and in 42 by the crossed belts. 

A characteristic American construction is shown in Fig. 17. 
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Fig. 17. 























It is a 200-H.P. kerosene engine, vertical, with two cylinders, 
and especially designed for submarine-boat services of the 
Holland type. Directly connected to the engine shaft is an 
electric generator, thus taking advantage of the high speed. 
The screw propeller shaft is driven by spur gears. On the 
surface the engine runs the propeller or charges the storage 
batteries. Below the surface this generator is switched in as 
a motor and drives the propeller wheel from the battery. 
This arrangement is also very convenient for starting the ker- 
osene engine by the electro-motor. 

Another citation of authority, Rankin Kennedy (England), 
on marine engines is as follows: 

‘The moving parts of the engine should be the same as those 
of a standard marine steam engine, and there is no reason 
why they should be otherwise. To box them up, out of sight, 
in a crank case, would be adsurd, although among oil and 
kerosene motor-car engine makers this proceeding is /ashzon- 
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able. When we come to marine (navy) engines, the conditions 
are so far different that ofen engines must be insisted upon, 
and other departures from the conventional practices must be 
made when marine propuision by internal combustion engines 
is seriously considered, either for commercial or naval pur- 
poses. The present craze is to install too light weight motor- 
car engines. This is not good marine engineering. As a 
matter of safety the marine engine is far too important to be 
trifled with, and experience with the steam engine is not to be 
lightly thrown aside for the whims of the fashionable motor- 
car builder. Hence in designing internal-combustion engines 
for business purposes the closed motor-car model is useless, 
and engines modelled more in the shape of steam engine prac- 
tice are necessarily to be adopted.” 

That reliable gas-engine construction was going the same 
way as stationary engines may be proved by a few words and 
drawings as follows : 

Fig. 18 shows a “Korting” two-cycle engine, driving a 
horizontal blower engine for blast furnaces. Is there any 
service in mechanical engineering where reliability and dura- 
bility is of more importance than in the blast furnace practice ? 
These engines must run years and years, without giving any 
considerable trouble, and yet we see the steam engine replaced 
by the gas engine. 

Fig. 20 shows the “ Deutz’ four-cycle engine, and if the 
piston rods and valves did not show “ water cooling” it might 
be easily mistaken for a modern steam engine. 

Fig. 19 shows the “ Cockerill” tandem gas engine, especi- 
ally as twin-tandem, giving any degree of steadiness, and satis- 
fying the most severe conditions of running alternating gen- 
erators in parallel. 

Fig. 21 shows another big engine, ‘‘ Oechelhauser,” two 
pistons, single cylinder, two-cycle, well known on account of 
its claim as a valveless engine, specially preferred for heavy 
services, like rolling mill and blower engine driving. 

Fig. 22 shows the “ Nurnberg type” driving a blower 
engine, but with specially strong claims as being an engine of 
good regulation, and steadiness, and famous workmanship. 
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This greatest development in the history of mechanical 
power was giving confidence to the marine engineer, and the 
latest step in this direction was the installation of “ suction- 
gas plants” in marine vessels. 

Before entering, however, this field, there may be said a few 
words more on modern power boats running on liquid fuels. 
It might be noted that in the last few years there has been a 
tendency to construct the hull of the vessel to suit the con- 
ditions of the internal-combustion engines, and this type of 
boat is very different from those driven by steam. Therefore 
it would be advisable to follow the practice of steam engineer- 
ing so far as to furnish not only the gas engine, but also the 
boat and other equipments. Usually, a shipyard furnishes 
both the hull and the entire machinery. Why not do the 
same in gas engines? ‘This is done now, more and more, and 
a new type of hull construction has resulted. Tests with 
small models were made by Mr. Kretschmer, of Berlin, and 
gave the following interesting results: The model was made 
according to the dimensions of an up-to-date ocean liner, about 
630 feet long, 75 feet beam and 24 feet draught, and having 
a tonnage of 16,800 tons. The corresponding results of this 
model with the new tetrahedral form are given in this table: 


Speed and knots per hour : Required horsepowers : 
16.3 4,150 
19.6 7:450 
22.8 13,120 
25.0 19,000 
26.1 22,500 
29.7 37,900 


A boat of French make of this kind is to be seen in Fig. 
23, Zttan IJ, and Fig. 24, the Rafee ///. 

The widest framing is at the stern. The bottom portion of 
the hull is ball shaped and the bow is entirely flat. In motion, 
the bow rises out of the water, which results in a decreased 
water friction. Bow waves are not noticeable, and there is only 
a slight swelling of the water on both sides of the stern. The 
length over all of both the above mentioned boats is about 
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26 feet and 3 inches, and the length on water line is 25 feet 
10 inches ; the greatest beam is 5 feet ; the draught, at rib, is 
6} inches, at rib 8 is 11 inches, and at rib 16, at stern, is 22.5 
inches. The tonnage is 1,158 and the largest cross-scantling 
section is 2.15 square feet. It was necessary to drive the pro- 
peller shaft by a universal coupling, in order to get the blades 
as deep in the water as desired. The reversing is done by a 
reversing friction coupling. The oil engine for 77/an //, has 
four vertical cylinders of 5;°, inches in diameter and 5} inches 
stroke, and the number of revolutions is 1,415 per minute, giv- 
ing about 54 indicated horsepower. The speed was 19.2 knots 
per hour. The propeller had three blades with 18] inches pitch 
and 20? inches diameter, giving 12.3 per cent. slip. The 
Rapee ITI, has an 8o0-horsepower, 4-cylinder oil engine of 
6#-inch stroke and 960 revolutions per minute. The obtained 
speed was 21.8 knots with a screw of three blades, 26 inches 
diameter, 30? inches pitch, and about the same slip as above. 

I will state here that the weight of an American auto- 
launch gasoline engine of 25 horsepower, with flywheel, is 
only 300 to 450 pounds, of the design as shown in Fig. 17, 
having four cylinders. Even these weights are found to be 
reduced to ten pounds per horsepower, as I saw on some French 
makes in St. Louis World’s Fair. 

A speed of 26 knots was obtained recently with an English 
craft of only 40 feet length, 5 feet beam and 8 inches draught. 
The entire weight was 3} tons, of which about 1.75 tons was 
for the complete mechanical outfit. There are two gasoline 
engines, as shown in Fig. 25, each having four cylinders and 
developing 60 horsepower, making 120 for both. The dimen- 
sions are: cylinder, 63 inches diameter ; stroke, 6 inches. The 
center line of propeller and engine shaft, have a considerable 
slant, in order to get the blade as deep as possible in the water. 

A very small but interesting torpedo boat is shown in Fig. 
26. It is of English make and has a speed of 18 knots per hour. 
The length over all is 40 feet, the beam, 6 feet 4 inches, and 
the draught 30} inches. The capacity is 4} tons. The engine 
has been placed forward, as the stern has to be free for the 
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torpedo outfit. This engine has four cylinders of 8 inches 
diameter and 8 inches stroke, and makes goo revolutions. The 
rated indicated horsepower is 120. The entire machinery has 
a weight of 2,750 pounds. 

The air for starting is compressed in a separate, vertical, 
6-horsepower gasoline engine. Reversing is done by a revers- 
ible coupling. 

A German pleasure launch equipped with a complete sailing 
outfit as well as an auxiliary gasoline engine is shown in Fig. 
27. The engine has 30 horsepower and runs with 400 revolu- 
tions. For fire protection, all walls of the engine room are 
covered with lead, and a fan exhausts all foul air and gases 
directly into the atmosphere. The propeller wheel is con- 
nected with the engine by means of an universal coupling and 
the shaft crosses the foot of the main mast M. The speed is 
7 knots. The dimensions are: 65 feet length over all and 45 
feet on water line; 14 feet beam, and 7 feet draught. The 
entire area of sails is about 800 square feet. 

A 40-foot cabined boat of American make has about 10 
feet beam and full accommodations for an extended cruise. 
The pilot house and saloon are well arranged in front of the 
after engine room. The boat is generally equipped with a 
three-cylinder 30-horsepower gasoline engine of about 1,200 
pounds weight, and may cost, including the reversing coupling, 
from $1,000 to $1,200. A go-foot cruising yacht of fine design 
and practical equipment, shown in Fig. 28, is of well-known 
American make. It has about 12 feet beam and 5 feet draught. 
There are twin screws, each with a reversible coupling con- 
nected to a four-cylinder gasoline engine. There is also a 
complete sailing outfit. 

Before closing this chapter it might be interesting to notice 
one of the recent improvements in propeller-wheel design. 
For internal-explosion engines with four-cycle combustion, a 
wheel is particularly desired which reduces the vibrations of 
shaft and engine. Graf Rudolf Westphalen designed the pro- 
peller shown in Fig. 29. This is a wheel for a small cruiser 
of the German navy. This vessel is 320 feet long, 40 feet 
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beam, and 15 feet draught, with a displacement of about 2,700 
tons. The diameter of the screw is 9 feet 10 inches. The 
engines develop 8,000 horsepower, and the speed at 160 revo- 
lutions is about 21 knots per hour. Figs. 30 and 31 show 
clearly the difference between the vibrations of an ordinary 
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screw and the Westphalen propeller, as taken in the engine 
room with an indicator, the so-called “pallograph” of 
“‘ Schlick” design. Fig. 31 gives the vibrations in the engine 
room of the North German Lloyd steamer Seeadler, equipped 


with a propeller of general type, having three blades directly 
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attached to the hub. Fig. 30 is equipped with Westphalen’s 
propeller, also having three blades. It is of special interest 
to compare the diagrams of the longitudinal and transversal 
vibrations. 

Now, near the end of my paper, it might be of interest to 
show some'‘cuts and give some descriptions of coal gas pro- 
ducers of later improvements and designs, as they are in gen- 
eral use for driving stationary gas engines. 

The efficiency of a producer plant is about 80 to 84 per cent. 
Besides the good adaptability of suction-gas plants to 4-cycle 
engines, and pressure plants for 2-cycle engines, it may be 
noted that the latter are more suitable for low grades of fuel. 
The suction-gas producers of today are considered especially 
adapted to anthracite, coke or charcoal. The efforts of many 
inventors have, therefore, been to construct suction-gas plants. 
suitable for bituminous coal; I have succeeded in operating 
one of my own design running on all kinds of soft coal or 
lignites, even using wood, shavings, corncobs, etc. 

All these producers are equipped with vaporizers or econom- 
izers for saving the heat of the escaping gas in order to reduce 
the fuel consumption. This gas is very hot, and one pound of 
fuel yields about four pounds of gas at a temperature of about 
1,470 degrees Fahrenheit. ‘The specific heat being taken at 
0.23, and allowing 370 degrees Fahrenheit for the gas to enter 
the scrubber, we have about 1,100 X 4 X 0.23 = 7,072 B.T.U.- 
for evaporating steam. If the boiler has, in this case, about 
80 per cent. efficiency, and one pound ofsteam requires 1,146.6 
B.T.U. latent heat, then this heat is sufficient to make 1,012 
X 0.80 : 1,146.6 = 0.70 pound of steam. The steam costs, 
therefore, do not exist in suction-gas plants, showing their 
superiority over pressure producers. 

Fig. 32 shows the general arrangement of a Deutz suction- 
gas plant. A is the ashpit, B the producer, D the upper coal 
magazine, L, the chimney valve, and I the gas cleaner or 
scrubber. K is a gas dryer or purifier. 

The wet-scrubber is filled with coke, and water is sprinkled 
in from the top. The dry-purifier, generally, is filled with 
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sawdust or excelsior in order to take out the fine water parti- 
cles carried over from the scrubber with the gas. A vapor- 
izer is shown on top of the producer at C, and the steam thus 
made by the heat of the gas is passed in the lower end of the 
producer by pipe F. The amount of water entering this 
vaporizer is, in up-to-date plants, governed according to the 
load of the engine. In A are flat grates, and I prefer the 
latter in such cases where a clinkering coal is used. 

A special producer for marine purposes, system “‘ Capitaine,” 
is shown in Fig. 33. The producer A is of general construc- 
tion, but the gas is drawn from the center, very near to the 
hottest zone, and escapes through T. 

The scrubber C is equipped with fine nozzles N, for water 
sprinkling in the lower end. The coal is fed around the gas 
pipes S, and center boiler B through the holes F, generally 
closed with plain covers. There are no stationary grates in 
this producer, but rocking ones at K, in the ashpit. 

The gas, after passing the scrubber, is mechanically cleaned 
by a tar extractor E of special design, and very high rotat- 
ing speed. 

When it is not desirable to use salt water in producers di- 
rectly, a special salt-water vaporizer also of “‘ Capitaine” design, 
Fig. 34, is recommended. In order to avoid the depositing of 
the salt in the vessel V, there is a continuous current of sea 
water going through. The percentage of salt, therefore, never 
goes higher than desired. The fresh water enters at A, passes 
around through the spiral pipes T, and enters the vaporizer 
V, in the lower end at B. The overflow is at C, in the upper 
part, and S is a circular boiler around V, from which the 
thickened water drains at Z. Thus the lost heat is used for a 
preheating of the fresh water. The water level is kept at a 
height W, and the steam escapes at P. The hot gases enter 
through M, and discharge through N, after passing downward 
through a number of tubes N. I will mention here that it is 
possible in this way to provide distilled water for drinking. 

In closing this paper I will show a foreign boat, operated 
by an anthracite suction-gas plant. The great superiority 
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Fig. 34. 


over steam outfits is to be found in saving of fuel and men 
for attendance, and, in comparison with oil engines, in avoid- 
ing fire danger by explosions, as well as cheaper fuel costs and 
saving of bulk. 

The first suction-gas boat, Ha/dy, has been running for 
about 5 years, and the owners are very well satisfied with her. 
Deutz was soon building more of those boats, and his second 
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boat was the Zoéte. It has opposite, twin, horizontal gas 
engines, and one small auxiliary engine for starting. 

The Lotte is about 131 feet long, 14 feet beam, and of 7 
feet draught. The capacity is 240 tons. The horsepower is 
100 and the required speed against the current in the Rhine 
is about 34 knots perhour. Figs. 35 and 36 givea longitudinal 
section and a plan view. 

The producer plant is between the transverse bulkheads, so 
that no dust nor gases can enter the other parts of the ship. 
The propeller wheel is 4 feet in diameter. The auxiliary en- 
gine runs on gasoline and develops 6 H.P. It drives a blower 
and the hoists on deck. Besides, it serves as a starting device 
for the main engine by means of friction-clutch and belt trans- 
mission. 

In conclusion I give the following two tables for these boats 
running on anthracite suction gas. One, Table I, runs regu- 
larly 150 knots between Saarbriicken and Mihlhausen, and 
the other, Table II, runs 167 knots between Cologne and Rot- 
terdam. ‘The boat according to Table I has a 16-H.P. pro- 
ducer plant, 240 tons load, runs 12 days with, and 9 days 
without, load. It makes 11 trips a year, each 150 knots, and 
the speed is only a little over one knot, average. The coal 
consumption is taken with 1.21 pounds per H.P. per hour. 
The other has a 100-H.P. producing plant, 250 tons load, 
runs 14 days. The average load up and down is 200 tons. 
It makes 26 round trips a year and 167 knots for each single 
route. The coal consumption is taken at 14 pounds per H.P. 
per hour. The trip up the river requires 50 hours, and down 
25 hours, or 75 hours for the round trip. 

A comparison of the expense in operating a freight steam- 
ship and freight suction-gas ship shows about 0.16 cents per 
gas, ton, knot for the latter, and 0.25 cents for the steam, ton, 
knot. These costs on steam railroads are about five to six 
times as high as for suction-gas boats. 
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TABLE I. 
OPERATING COSTS FOR SUCTION-GAS BOAT LOTTA. 


For wear and tear (expenses per year), 5 per cent., . $200.00 
For wear and tear on machinery, 10 percent., . . 250.00 
Interest on inStallation cost, 5 per cent. of $6,500, . 325.00 
Fire insurance, 2 per cent. of $6, 50 be ie ee 
Taxes and duties, . . I 50.00 
Costs for coal for 11 trips, 16 HELP. ,12 ‘days with load, 

9 days without load, 12 hours, $5 oo per ton,coal, 122.00 
Cost for oil, waste, ete., . . . ye ak ot co. 
Wages and ‘salaries, RA eth, Biches sg 5. 55 600.00 

Total cost, per year, oar , $1, 721.00 

This boat makes 11 xX 150 X 240 = =  396,c 000 knots, tons, 
per year. 

17 21 — 0.43 cents for operating expenses per knot, ton. 


TABLE II. 
OPERATING COSTS FOR SUCTION-GAS BOAT HALDY. 


For wear and tear on hull, 5 percent. of $5,000, . . $250.00 
For wearand tear on machinery, 10 per cent. of $6,250, 625.00 
Interests on installation costs, 5 per cent. of $11,250, 562.00 
kt f S ee 
Taxes andduties, . . » 975.00 
Costs for coal for 26 trips, : 100 H.P. 175 hours, 1} 

pounds of coal at $5 perton, . . » >» ies 
OD SS eee ae ee ee 
Wages and salaries, ie ae es eee, 

Total for the year, . . . « 5,011.00 

This boat makes 26 X 2 X 167 X 200 = 1,736, 800 knots, 
tons, per year. 

ow, = 0.28 cents for operating expenses per knot, ton. 


1,736,800 


I am indebted to the following for much information in 
preparing this paper: 

Truscott Boat Manf. Co., St. Joseph, Michigan; Hercules 
Gas, Eng. Works, San Francisco, California ; Standard Motor 
Coustruction Co., Jersey City, N. J.; August Mietz, New 
York; Carl Huber, Berlin, Germany ; “ Zeitschrift Des Ver- 
eines Deutcher Ingenieure,” Berlin, Germany; Graf Rudolf 
Westphalen, Vienna, Austria; Fairbanks MorseCo., Beloit, Wis. 
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COMPARATIVE TRIALS OF ELEVATING GEARS 
FOR RAPID-FIRE GUN MOUNTS. 


By JOHN F. MEIGs. 


The comparative trials of elevating gears in which the gun 
was moved in elevation by means of (1) a single hand-wheel 
and (2) by two hand-wheels on the same shaft, extended from 
May 1, 1906, to December 1, 1906, and included the firing of 
25,000 rounds. Photograph I shows a Bethlehem 6-inch, 
rapid-fire gun with which the trials were conducted. 


THE APPARATUS. 


(a) The two-hand elevating gear (Photograph I) consists of 
two hand-wheels on opposite ends of the same shaft, the 
handles of the wheels being 180 degrees apart, and the pointer 
using both hands for controlling the gun. The firing trigger 
(A) is on the handle of the right-hand wheel and is worked 
by the index finger of the right hand without releasing the 
handle. 

(4) The two-hand elevating gear when driven by the left- 
hand wheel only, constitutes the usual form of elevating gear. 
In this case the firing was done by means of the ordinary pis- 
tol grip (B). A second pointer pointed the gun in azimuth 
from the right-hand side in both cases. 

(c) Three sets of speed gears were used by each pointer at 
each range, and for one complete turn of the elevating hand- 
wheel moved the gun as follows: 

No. 1 Gear 30 minutes of arc. 


No. 2 Gear 50 minutes of arc. 
No. 3 Gear 75 minutes of arc. 


(2) A sub-caliber rifle, shown in Photographs III and IV, 
was rigidly attached to the muzzle of the gun and fired elec- 
trically by the firing gear of the big gun. 
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(e) The targets used represented a target twenty-six feet 
high at the different ranges, and were actually 1.37 inches 
high for 1,500-yard range; .68 inch high for the 3,000-yard 
range; .34 inch high for the 6,000-yard range, and .23 inch 
high for the 9,000-yard range. 

The target was moved to simulate the continuous rolling 
of a ship from 1 to 10 degrees (Photographs III and IV) by 
means of a cord, one end of which was fastened to the target, 
and the other end, after passing over a pulley, was moved 
continuously over the semi-circumferences shown in Photo- 
graph II. 

(/) The curve by which the target was moved up and 
down simulating the rolling of a ship (Photograph II) is made 
up of semi-circumferences joined together, and the radii of 
these are of such lengths as to cause the target, and conse- 
quently the gun, to move through from o degrees to 1 to 10 
degrees depression or elevation respectively, and back to o 
degrees again. The time allowed for this(7 seconds) was the 
same for each roll, and corresponded to a 14-seconds period 
for the complete oscillation of a ship. The semi-circumfer- 
ences were sub-divided into two-second periods, and a time- 
bell enabled the operator to pass each mark at the proper 
time. 

GUN POINTERS. 


Eight gun pointers were in competition throughout the 
trials, and while the final scores differed slightly, the relative 
percentages given by the table were practically obtained by 
each pointer. 

CONDITIONS. 


(a) Each pointer was allowed a trial shot before each string 
for adjusting the sight. The distance from the sight tele- 
scope to the target was 20 feet. 

(6) Each pointer fired for five minutes continuously with a 
six-seconds loading interval after each shot. 
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NOTES ON TABLE. 


For an actual example, which might occur in practice, we 
take the figures above at 3,000 yards range and with the ship 
tolling from 8 degrees to 10 degrees. Imagine two 6-inch 
guns side by side, one with a one-handed and the other with 
a two-handed drive. Suppose these guns fire for the same 
time, with pointers of the same skill, and at the same target. 
If 100 represents the number of hits made with the one-handed 
gun, then 148.4 will represent the hits with the two-handed 
one. Also, under the same circumstances of firing, the per- 
centages of accuracy show that in expending 100 rounds from 
a magazine, firing at the same speed as above, we shall get 
50.9 hits with the one-handed gun, and 64.5 with the two- 
handed gun. The other shots will be misses. This latter 
statement is equivalent to this: when firing at the highest 
speed convenient to pointers, the expectation of getting a hit 
with any one shot, in the circumstances defined is, with the 
one-handed gun 333, and with the two-handed gun 234. These 
fractions are the same as .509 and .645. 

Also, the figures show an increased rate of hitting with two 
hands (an increase in the number of hits per minute) under 
all circumstances from the greatest to the least difficult. When 
firing at the nearest target (1,500 yards) and on the rolls 1 
degree to 3 degrees, the increase in the rate of hitting is 12.3 
per cent., or for every 100 hits in a given time with the one- 
handed drive there will be 112.3 hits with the: two-handed 
drive. When firing at the most distant target (9,000 yards) 
and on the rolls 8 degrees to 10 degrees, the increase in the 
rate of hitting is 66.6 per cent., or for every 100 hits in a 
given time with the one-handed drive there will be 166.6 hits 
with the two-handed drive. As stated, in all cases where the 
difficulty of the practice is intermediate between these two 
extremes, the two-handed drive shows more hits per minute 
than the one-handed drive. 

The accuracy of the practice, independently of the firing, is 
greater in all cases with the two-handed gear. Taking the 
































Photograph I. 














Photograph II. 








Photograph IV. 
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two extremes of difficulty as before, the record shows that 
with the 1,500-yard range and the rolls 1 degree to 3 degrees, 
the expectation of hitting with any one shot is, with the one- 
handed gear, 248, or .893, and with the two-handed gear, 333, 
or .907. With the 9,000-yard range and rolls 8 degrees to 10 
degrees, the expectation of hitting with any one shot is, with 
the one-handed gear, ,°/,, or .254, and with the two-handed 
gear, $91, or .348. In considering these last figures it must be 
remembered that they show only the increase in the probabil- 
ity of hitting with any one shot. The increase in the rate of 
hitting per minute is greater than these figures, and is as al- 
ready given above. This is because gun pointers will always 
fire more shots per minute with the two-handed drive than 
with the one-handed drive. They get their sight on the target 
oftener. For example, taking again the circumstances of 
least and greatest difficulty, the record shows that with the 
1,500-yard range and in rolls 1 degree to 3 degrees, the num- 
ber of shots fired with the two-handed gear will be as 642 to 
580, as compared with the one-handed gear; or, the two-hand 
gear gains in speed of firing, ;°2,, or .11. At the 9,000-yard 
range, and with the rolls 8 degrees to 10 degrees, the number 
of shots fired with the two-handed gear will be as 290 to 240, 
as compared with the one-handed gear; or, the two-handed 
gear gains in speed of firing, 57,95, or .21. The table of rec- 
ords shows that there is no interruption in the laws of accu- 
racy and speed here shown. 

It is to be noted that the results as to accuracy and speed 
of firing here shown cannot be reached in actual practice with 
targets at a distance. As the targets were only four feet from 
the muzzle of the small gun used, the bullets went straight 
to them, and all inaccuracies due to imperfections in powder 
and knowledge of range are eliminated. The records show 
what might be attained if muzzle velocities were very much 
greater than they are and were maintained, and measure 
therefore only the accuracy attainable by pointers with ser- 
vice sight and service arrangements for handling the gun. 
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GENERAL CONCLUSIONS. 


The better results obtained by the two-hand elevating gear 
as shown by the table are accounted for by the following con- 
ditions. 

(1) The gun can be worked faster with two hands than 
with one, and the larger the gun the greater the advantages. 

(2) The gun can be kept on the target better on account of 
the ease with which it may be stopped, started or reversed. 

(3) The motion of the gun is smoother on account of the 
greater power to overcome tight places in the gears and also 
the absence of a dead center with the two-hand drive. 

(4) The motion of the gun pointer’s body is less with the 
two-hand drive, and the eye can be kept constantly at the 
telescope. 
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DIFFICULTIES EXPERIENCED WITH THE MAIN 
ENGINE BEARINGS ON SOME OF OUR 
LATEST VESSELS. 


By LIEUTENANT A. F. H. Yarss, U. S. N., MEMBER. 


Owing to the wide amount of attention attracted of late by 
many instances of failures of the main engine bearings of our 
new vessels, the writer has collected certain data in the case 
of five vessels, which it is hoped will be of interest to the 
readers of the JOURNAL. 

These failures have resulted in much discussion as to the 
exact cause, it being believed by some that they were due to 
the quality of the anti-attrition metal used, and others attrib- 
uting them to the use of a poor quality of lubricating oil. For 
this reason special effort has been made to bring out all 
matters in these connections. 

To begin with, the anti-attrition metal required for instal- 
lation by the builders in all of these vessels is known as the 
Bureau of Steam Engineering Standard, its composition being 
as follows : 


Best refined copper, per cent., . , : 3-7 
Banca tin, per cent., ; d : . 888 
Regulus of antimony, per cent., . ‘ 3 7.5 


by weight, to be well fluxed with borax and rosin in mixing. 
To avoid the advertisement of the various oils used, the 
brands are not mentioned, but it should be remembered that 
during all of the official trials of these five ships, previous to 
commissioning, only a well-proved brand of mineral lubri- 
cating oil was used, or else lard oil. It was only after commis- 
sioning that the so-called specification oils were used. 
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“BATTLESHIP A.” 


Preliminary Trial.—During the four-hour run of the pre- 
liminary trial of this vessel the main engines worked well 
except for a hot valve-rod guide on the starboard engine, ne- 
cessitating slowing down, and the port intermediate guide, 
which ran warm continually. The trial was successful and 
the engines were finally reported as entirely satisfactory. A 
special marine-engine oil was used by the contractors. 

The port H.P. crank pin ran hot at a later date, while 
making 115 revolutions on the measured mile at Rockland, 
Me., due to a poor quality of lubricating oil used. 

Final Trial.—The four-hours’ full-power, forced-draft trial 
was abandoned after the vessel had run an hour and three- 
quarters, on account of the heating of bearings No. 1 and No. 
2 of the port crank shaft and the running of white metal in 
same. ‘The port crank shaft worked forward from the thrust 
block until the forward webs of the port forward L.P. and 
port H.P. and port I.P. crank shafts took on the after fillet of 
main bearings No. 1, No. 2 and No. 4, melting the babbit 
metal on the fillets of these brasses. The starboard H.P. 
crank-pin brasses, the guides of the port L.P. crosshead, and 
those of the port after L.P. valves also ran hot, although 
water and oil were used profusely on them. ‘The hot bear- 
ings were cooled and the engines ran smoothly for about one 
hour at the high speeds, after which time the bearings began 
to run warm, and, although oil was profusely used on them, 
it was not possible to keep them from heating. Even those 
bearings which had been very carefully adjusted did not seem 
to run more satisfactorily than the others. 

Owing to the heating of so many bearings, the running of 
the white metal in some, and the heavy pounding in the star- 
board H.P. crank-pin brasses, caused by their having been 
overheated and flattened, it was decided not to run the engines 
at their maximum speed, and they were therefore run at a 
moderate speed of approximately 85 revolutions (about 13 
knots). The cause of this failure was the use of a poor grade 
of oil (specification oil). 
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This trial having been unsatisfactory, it was recommended 
that Battleship A be given another final acceptance trial as 
soon as a proper adjustment of brasses could be made, using 
the same high grade of lubricating oil that was used success- 
fully by the contractors on the preliminary trial. The oil 
used by the builders on the preliminary trial was the same 
brand as was used by the builders of a sister ship on her trial, 
which passed off most successfully without the use of any 
water on the bearings. ; 

It was further recommended that steps be taken to locate 
the cause of the trouble experienced with Battleship A’s bear- 
ings, whether due to faulty design, faulty babbit metal, or 
poor quality of lubricating oil. 

The vessel returned to a navy yard to have the necessary 
adjustments made, and during her stay, an investigation was 
made. Upon examination of main bearings No. 1, No. 2, 
No. 4 and No. 5 of the port engine, it was found that the 
after ends of the babbitting of each had softened and pulled 
off as a result of heating. It was decided to trim out the ends 
and freeze on other babbit metal. The brasses were then 
refitted to the journals and the fillets rounded off. The for- 
ward and the after L.P. crank-pin brasses of the port engine 
were found to have too limited clearance (a scant ;/; inch of 
the forward L.P. and a full ,', inch of the after L.P.), at the 
forward ends. This clearance was increased by cutting off 
7s inch from the forward face of the brasses in each case. 
An examination of the starboard crank-pin brasses showed 
that the babbit metal had dragged and had completely filled 
up the oil holes and oil grooves. The metal had also burned. 
The ship being under hurry orders to be ready for her trial 
runs, the spare brasses were fitted and the ones removed were 
te-babbitted. Upon removing the crank-pin brasses of the 
port H.P., the babbit metal was found to have dragged to 
some extent and to have partly filled the oil ways, as with the 
starboard H.P. brasses. There were also cracks in the white 
metal. The urgency attending the getting away of the vessel 
prevented anything more being done than to refit the brasses, 
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but it was recommended that these brasses be re-babbitted 
and refitted when the vessel should return from sea. Prior to 
the vessel going to the yard, the port thrust bearing had been 
set forward ;/,; inch to increase the crank brasses’ clearances, 
and it was decided to readjust them to the original position, 
in order that the crank shaft could be moved aft ;4 inch. 

Repairs having been completed, the vessel proceeded to sea 
for her trials. 

Three hours after the four-hours’, full-power, forced-draft 
trial was started, the port main thrust collars, forward end, 
ran warm, but were kept under control. All machinery 
worked well until one-half hour later, when the forward end 
of the port thrust warmed up again. The forward H.P. crank 
web began striking on the after end of the cap to No. 2 main 
bearing on three of the steel parts of the fillet, emitting sparks 
at each of these places, and at the same time the port H.P. 
crank pin began warming up on the inboard side; the out- 
board ahead side had already heated, as was afterwards shown. 
Water was put on each of these places and an effort made to 
keep them cool until the end of the run. Several minutes 
later the babbit in the port H.P. crank pin ran, and, the result- 
ant knock in that bearing being dangerous, the engine was 
stopped as quickly as possible, and the trial was stopped. 
The starboard engine was slowed to 4o revolutions and the 
port engine and its auxiliaries secured and the jacking gear 
thrown in. The work of taking the port H.P. crank pin and 
No. 2 port main bearing apart was promptly undertaken. The 
main bearing was found to be in excellent shape, and the 
after end was filed smooth where it had taken on the web of 
the crank, and replaced at a 28 B.W.G. lead. The port H.P. 
spare brasses were scraped in and fitted as well as possible, 
though the forward end of the brasses came fairly hard up 
against the forward web of the crank. The brasses were ad- 
justed to a 26 B.W.G. lead on the bottom and a 28 B.W.G. on 
the sides. This work was finished the next day, and the 
engines were warmed up and turned over, and an hour later 
run up to a speed of 105 revolutions, when the port H.P. 
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crank pin began running warm again and the trial was given 
up. An investigation of the port H.P. crank pin and brasses 
showed that the babbit on the outboard side where it was 
very thin had worn away until the pin had come in contact 
with the brass, the brass and pin had expanded, the pin was 
cut, and the forward edge of the web took on the fillet of 
No. 2 main bearing cap. 

The port H.P. crank pin had been refitted to a 28 B.W.G. 
lead just prior to the trial, but, as the brass had not been 
properly centered between the bolt holes when roughed out 
prior to babbitting, the babbit was too heavy on one side and 
too light on the other. There was also a slight crack in the 
babbit in the bottom near the crown, and as the time was too 
short to re-babbit the brasses it was decided that the brasses 
would run the trial satisfactorily, but that they should be 
te-babbitted upon its conclusion. 

Several bearings that heated on the previous trial, when 
using specification oil, ran cool during this second trial, when 
using a selected oil. This would indicate that the quality of 
oil was in some measure responsible for the heating of the 
bearings during the previous trial. 

Finally, although the brasses had been carefully adjusted 
at the yard, the vessel failed to complete her second, four- 
hours’, full-power, forced-draft, final trial, owing to the melt- 
ing of babbit metal in the port H.P. crank-pin brasses. In 
view of the fact that a first-class grade of lubricating oil was 
used throughout this second trial, it was concluded that the 
failure of this trial was due to the babbitting and partly to 
improper adjustment. The crank-pin and main bearing 
brasses were undoubtedly not properly bored or babbitted in 
places, especially the starboard H.P., port H.P., and port for- 
ward LP. crankpins. Their spares were in the same condition. 

The following are some other conclusions that were ex- 
pressed in connection with this failure : 

‘(a) The oil was good and did its work well, as shown by 
the condition of No. 2 main bearing after the trial. 
(b) The oiling service is inadequate for steaming at full 
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power. An efficient centrifugal oiler is necessary for the 
crank-pin brasses, and larger oil pipes and automatic oil gear 
should be installed. The oil gear for the eccentrics could be 
much simplified by telescopic oil gear. 

(c) The centrifugal oiler suggested should be fitted so that 
the bearings could be flooded with either water service or 
from buckets filled with soap and water or oil. As now 
arranged, when the oil grooves are filled and the bearing 
begins to pound or run warm, there is no way of getting 
either oil or water to the heated part. The water service 
merely drops water on the ends of the bearing, and very little 
if any penetrates to the center of it. 

(d) More clearance should be left between crank-pin brasses 
and crank webs, and between crank webs and main bearing 
brasses on the forward end of the web. 

(e) Greater margin of bearing surface should be given on 
all crosshead, crank-pin and main bearings. 
 (f) The design of the brass, with all the babbit in one slab, 
is poor, as any knock or heating causes the metal to flow in 
the direction of least resistance. On several occasions metal 
had to be chipped off the ends of the brasses and out of the 
oil grooves, when bearings heated while running at slow 
speeds, bearings set to a 30 B.W.G. lead. 

It might be remarked here that, owing to the limited 
amount of time available for repairs, none of the changes last 
mentioned were made, though a change in the oiling gear for 
the eccentrics, to arrange the run of the oil piping with a 
continuous descent from cup to strap, instead of running for 
a considerable distance in a horizontal direction, was author- 
ized. 

The fault in making the brasses and in babbitting consisted 
in the axis center between bolt holes in brass castings not 
coinciding with the center line of the cored-out hollow for 
babbitting, causing the babbit to be heavy on one side and 
thin on the other, at one end, and just the reverse on the 
other. The holding pieces on the brass casting should have 
been recessed also, instead of filletted, as they were in places, 
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so that the babbit, when being hammered in, would hold in- 
stead of riding up over those pieces,and becoming loose. 


“ BATTLESHIP B&B." 


Preliminary Trial—The working of both the main and 
the auxiliary machinery during the preliminary official trial 
of this vessel was most satisfactory. As usual on preliminary 
trials, a large amount of lubricating oil was used, about 540 
gallons being expended during the four-hours’, full-power, 
forced-draft trial. A special marine-engine oil was used 
throughout the trial. 

A chemical analysis of the “ specification” oil used on this 
vessel was made at a navy yard several months after she had 
been placed in service, as it had not given entire satisfaction. 
Two samples were furnished, one from the top of a tank in 
starboard engine room and one from the bottom of the tank. 


RESULTS: 
Top of Tank. Bottom of Tank 
Specific gravity at 60 degrees Fahrenheit ............ -9237 -924 
Flashing point, degrees Fahrenheit ................+++ 407. 405. 
Free fatty acid, as oleic, per Cent.......000......00+ ese -70 -70 
Viscosity (Engler) at 90 degrees Fahrenheit....... 705. 707. 
Viscosity (Engler) at 150 degrees Fahrenheit...... 163. 164. 


These two samples were said to have been taken from a 
a tank which had remained intact since first filled about two 
months previous. 

The tests show them to be practically identical, no separa- 
tion of the ingredient oils having taken place. 

With these samples were submitted small residues said to 
have been obtained by straining one gallon of each of the 
above oils. That from the top oil, amounting to about 1 part in 
30,000 of the oil, consisted of siliceous and scaly dirt, evi- 
dently from the tank, which had not been thoroughly cleaned. 
That from the bottom oil, amounting to about 2 parts in 
30,000, contained a small amount of dirt, but consisted mainly 
of metallic oleates (principally of zinc) formed by the action 
of the fatty acid on the inside coating of the tank. ‘Traces of 
iron and copper were also present. 
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In addition to the above samples a sample from a tank in 
the port engine room, the greater part of the contents of which 
had been drawn off and strained, was compared with a sample 
of the strained oil. These were found to be identical in spe- 
cific gravity and viscosity. The residual oil contained a small 
amount of the soft, white zinc oleate mentioned above. 

Another residue obtained by straining consisted mainly of 
tobacco, scrap and cotton waste. 

The senior engineer officer stated that the oil flowed freely 
and showed no gumming properties, these results confirming 
the results of previous tests made in the laboratory when the 
oil was first received at the Yard. The samples taken for 
test at that time were perfectly clean and free from dirt. 

Final Trial.—A speed trial was made under full power, 
natural draft, as a portion of the acceptance trial of the ship. 
The engines were run at an average speed of 105 revolutions 
for eight hours, at which speed the crank-pin brasses of both 
I.P. engines pounded siightly and the crosshead brasses of 
both H.P. engines pounded badly—so badly that it was 
deemed advisable to heave to for three hours to adjust them 
before proceeding with the remaining trials at higher speeds. 
On the conclusion of this eight-hour run a twenty-four-hour 
run, at 75 per cent. of the I.H.P. developed on preliminary 
. full-speed trial, was begun. The engines were run at about 
112 revolutions for three hours. The thump in the I.P, 
crank pins previously noted grew steadily worse, and at the 
end of the third hour the thump in the I.P. starboard crank 
pin became so heavy that the brass heated from percussion 
and the white metal melted and ran out of the bearing; the 
trial was, perforce, discontinued and the ship proceeded into 
port at 11 knots. Before proceeding to the Navy Yard a 
spare set of I.P. crank-pin brasses, furnished by the builders, 
was fitted to the starboard I.P. pin; the old brasses were 
found to be in such condition that it was not deemed safe to 
try to run up the harbor with them; the soft-metal lining of 
the brasses was mashed and pounded down badly. The crank 
pin was scored and rough ; it was smoothed before the brasses 
were fitted. 
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On the run to the Navy Yard the new I.P. crank pin 
brasses ran warm. On examination, after arrival at the 
Yard, it was found that these new brasses, after only one hour 
of running, were pounded and mashed down badly, the metal 
filling all the oil grooves. The conclusion was that the metal 
was entirely too soft. 

All the crank-pin brasses were refitted and all were babbit- 
ted, except the after starboard L.P. and the two port L.P. 
brasses. Nearly all of the brasses were found to be sprung 
out of shape, the back of the brass, in each case, being high 
in the center over the crown of the brass; also, the bolt holes 
in the brasses were not in line. The concensus of opinion 
was that the brasses were neither strong enough nor thick 
enough at the crown. 

During the first run made by the vessel after leaving the 
Navy Yard the two H.P. crank pins pounded slightly. The 
brasses were examined and overhauled, and the metal of the 
starboard H.P. was found to be mashed down into the oil 
grooves. ‘The starboard I.P. brass, which had been scraped 
and fitted to the pin at the Navy Yard, was also examined 
and was found to bear only on the sides and not at all on the 
crown, as if the brass had again sprung at the center. These 
brasses were then scraped and fitted to the pins and set up to 
No. 29 B.W.G. 

On getting under way for a run of go miles, both engines 
were found to run well, the port engine especially. At first 
there was a slight thump in the starboard H.P. crank pin; 
this thump steadily increased, and at 4 P. M. was very heavy 
—so heavy that the overhauling of the brass was deemed ab- 
solutely necessary before making a long run at sea. On 
examination, the metal of the starboard H.P. crank-pin brass 
was found to be spread and mashed out into the oil grooves, 
and on the cheek-face of the brass, where, at starting, the 
ends of the white metal had been flush with the surface of the 
brass, the white metal had been pounded out until it projected 
gz inch beyond the ends of the brass, and this after only 90 
miles of running. 


45 
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On a five-day run at sea the starboard H.P. crank pins and 
crosshead pins pounded heavily ; on examination, the metal 
of the starboard H.P. crosshead brasses was found to be 
mashed slightly, the oil hole in the cup brasses being cov- 
ered. The port H.P. and port I.P. crank-pin brasses were 
examined the next day and were found to be brass-bound, 
while the oil grooves were partly filled with mashed out 
metal. 

This led to a recommendation that the character and qual- 
ities of the white metal installed be investigated, especially 
with reference to its ability to stand the heavy work imposed 
upon it at high speeds; also that investigation be made to 
determine whether or not the crank-pin brasses were sufficiently 
thick through the crown to maintain their shape under mod- 
erate pounding. It wasascertained that the same mixture of 
babbit metal was used for the bearings of Battleship B as was 
used for four other ships by the same builders. This metal 
was received by the builders from the sub-contractor in a lot, 
and was similar to the mixture employed by the builders. 

In the case of a number of the crank-pin brasses, some of 
which were re-babbitted at a navy yard, it was noticed that 
the metal mashed out after a short while at the ends of the 
brasses so that the white metal projected beyond the surface 
of the fillet at the ends of the brasses. 


“ARMORED CRUISER C.” 


Preliminary Trial.—About one hour and a-half after the 
four-hour, full-power, forced-draft trial had started, the star- 
board engine was slowed down and almost stopped, on account 
of a knock in the forward L.P. crank-pin brasses. An exam- 
ination showed everything apparently all right, but when the 
engine was started up again a knock was heard, and the en- 
gine was stopped immediately. The inboard distance piece 
was found lying in the crank pit, the dowel pins having 
sheared. During the second. four-hour run the fourth main 
bearing of the starboard engine ran hot, when a full force of 
water was turned on for half an hour and the bearing was 
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slacked off. An oiler subsequently found a piece of metal in 
this bearing. After this’no trouble occurred. The con- 
tractors used a high grade of lard oil on this trial. 

Several months after the preliminary trial was held it was 
reported necessary to examine and adjust all crosshead, crank- . 
pin and main bearings, most of them appearing to need re- 
babbitting. All of these bearings on both H.P. and I.P. 
engines gave trouble continually during a run of about 4,500 
miles, every available minute in port during the trip being 
employed by the ship’s force in overhauling them. The port 
I.P. crank-pin bearing was replaced with a spare one. It first 
ran warm, and at the end of the return run was knocking 
badly. The metal appeared to be too soft, having dragged 
around in flakes, completely filling the oil grooves and accu- 
mulating in bullets and rolls inside of the distance pieces. 
The three crank-pin brasses examined showed the white metal 
drawn down from the edges of the brasses more than half way 
around. The lower brasses of the main bearings were not ex- 
amined but were judged to be in as bad condition as the caps. 
Owing to these conditions a board of officers made an exam- 
ination of the bearings. All the bearings of the main engine 
that were open to inspection were examined, and the white 
metal was found to be in such bad condition that it was re- 
ported necessary to re-line the crank-pin and crosshead brasses, 
examine when practicable the go-ahead eccentrics and refit 
the main-bearing brasses throughout. The bearing metal 
showed such excessive wear, and in many cases such a loose 
condition, as to make the above work necessary to place the 
machinery in efficient condition for service. The metal sur- 
faces were found to be dragged in irregular patches, com- 
pletely obliterating the oH grooves, and the remaining metal 
in such condition that re-boring would provide too small an 
amount for wear. It was not possible to examine all of the 
bearings, owing to the magnitude of the work of stripping 
them, by the force on board, but from those examined it was 
apparent that all were in equally bad condition. From the 
appearance of the bearings and their general history it was 
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concluded that the primary cause was the use of an inferior 
quality of oil. 

While there was no record of the bearings having run ex- 
cessively hot, it was stated that it was impossible to run them 
cool, even with an excessive supply of this oil and at compara- 
tively low speeds, without using water service. 

A chemical analysis of the babbit metal used in the bear- 
ings of Armored Crutser C was made at a navy yard with 
the following result : 


Copper, percent.  . ; ‘ , , 4.30 
Tin, per cent., ‘ ; ‘ ; . 88.05 
Antimony, per cent., ‘ ; ‘ , 7.53 
Lead, etc., : , : ‘ ; . Traces. 


This corresponds closely with the mixture prescribed. 

The oil used on Armored Cruiser C, as stated above, was 
specification oil. It was received on board in a lot of 2,000 
gallons. This oil had been rejected on first inspection, but 
was finally passed, and 1,941 gallons of the oil was used. On 
account of indications of hot bearings orders were issued to be 
liberal in the use of oil. During the vessel’s run of about 
4,500 miles, the four H.P. and I.P. crank-pin bearings ran 
warm five times, and three main bearings once each. As a 
tule the warm crank-pin bearings followed close upon 
readjustments. 

Sample bottles of the oil taken from the gauge glasses shortly 
after receipt on board showed from 4 inch to } inch fairly 
solid sediment. Samples taken from a 1,000-gallon tank with 
only 150 gallons remaining showed about the same. Eleven 
gallons of sediment were taken froma tank that had contained 
1,100 gallons of oil. Of this two gallons were of the consist- 
ency of soft soap. 

Water was kept constantly on the H.P. and I.P. crank-pin 
brasses, first to reduce the temperature and afterwards to 
reduce the knocking. The oil did not produce a lather with 
either fresh or salt water, and did not appear to cling to the 
bearings. This was noticeable on the main bearings where 

















MAIN ENGINE BEARINGS. 685 


the shaft was nearly dry on the inboard side, even when oil 
was being poured into the outboard side of the hand hole. 

Armored Cruiser C was not in readiness for her final trial 
on the contract date, the re-babbitting of her bearings not 
having been finished. 

As it was thought possible that the failure of the crank-pin 
bearings of this vessel was, in part, due to an insufficient 
supply and bad distribution of oil, two more oil holes in each 
crank-pin bearing were drilled, near the ends, with tubes and 
oil boxes located alongside the present ones, using drip-feed 
boxes, without sight-feed attachments. 

Subsequent to the above an examination of samples of the 
oil used, of the bearings that had been removed, of pieces of 
solid metal from the bearings, and of specimens flaked off, 
was made by the builders of the vessel. The analysis of the 
solid metal was as near as possible that which was originally 
put in (Government mixture), while that of flaked specimens 
was very much different, being mostly tin, which melts at a 
very low temperature. The analysis made showed the fol- 


lowing compositions : 
Tin. Antimony. Copper. Lead. 


Government standard...... ....ssseeeereseeeeeeee 88.8 7 %, me 
POE TEP ROR WIN ences cbatunihr ceria: aosbanes 89.57 6.66 3-7 -07 
Flake from port H.P. crank pin............... 94.8 3.95 1.12 -14 


This examination would seem to indicate that the metal of 
the bearing was, in spots, heated to above the melting point of 
tin (446 degrees), when the tin separated from the other metals 
and “ flaked” or “dragged.” The heating might have occur- 
red from bad oil, too snug fit, or from an improperly-fitted 
bearing ; most probably the causes in this case were bad oil 
and too snug a fit. 


— ‘ARMORED CRUISER D.” 


Preliminary Trial._—The four-hour official trial of Armored 
Cruiser D was accomplished without the least trouble arising 
to cause a pause for an instant. The main engines ran with 
remarkably little vibration, none of the main bearings and 
journals heating, and the water service being used only on the 
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crosshead guides and thrust bearings. After the trial the fol- 
lowing parts examined were found to be in excellent condi- 
tion: after L.P. and H.P. crank pins starboard engine, after 
L.P. crank pin port engine, and top brass of after L.P. crank- 
shaft bearing on each engine. The crank pin of port I.P. 
was slightly scored. The contractors had both high-grade 
lard oil and a selected grade of engine oil on board for lubri- 
cation purposes. 

Upon the return of the vessel from a trip of about 4,500 
miles, the bearings of the main engines were reported in bad 
condition. On the trip out the engines worked without much 
noise, but on the return trip the bearings became looser, and 
the knocking, especially in the high and intermediate on both 
sides, increased to an excessive degree. The starboard I.P. 
crank brass and port I.P. slipper were taken down and the 
babbit found to be in very bad condition, the oilways being 
almost obliterated. The amount of play in the bearings of 
the crank pin and guide examined was about } inch. There 
was little trouble with heating in these bearings on this trip. 
The bearings on the L.P. were not examined at this time, as 
they had given practically no trouble. A later examination 
showed the bearings, generally, to be in much worse condi- 
tion than was at first supposed, and for this reason a more 
complete examination was ordered. Immediate relining of 
crosshead slippers, go-ahead eccentrics and crank-pin brasses 
was found to be necessary. ‘The white metal was found to 
have dragged in all the brasses, and the oil-ways were oblit- 
erated. In view of the fact that the babbit metal withstood 
the forced-draft trials, whereon at least three times the horse- 
power of that developed on the recent run was obtained, it 
was concluded that the primary cause was the use of a poor 
quality of lubricating oil. 

The vessel proceeded to a navy yard for the necessary re-lin- 
ing of her bearings. Upon arrival an examination of the oil in 
her tank was made. The amount remaining on hand was about 
170 gallons, of which 150 gallons was in one tank and about 
20 in another. One sample (b) was drawn from the former 
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and two from the latter. Of the two latter, one (c) was drawn 
from near the surface through a pet cock on the gauge glass, 
and the. other (d) through the spigot connected to the pipe 
leading from the bottom of the tank. A sample (a) of the 
oil that had been used by the contractors on the preliminary 
triai on hand was also drawn. Immediately after drawing 
off, a slightly murky sediment was apparent in all samples, 
the most being in samples (a) and (b), and the least in the 
samples (c) and (d), but with very little difference. After 
standing some sixteen hours, samples (a), (c) and (d) showed 
a cloudy appearance throughout the bottle, while sample (b), 
specification oil, looked perfectly clear. ‘There was no appar- 
ent increase in the amount of sediment in the bottom of the 
bottles. A comparison of the contractor’s special oil with the 
specification oil, by rubbing oil in the hand with a little water, 
showed that the former gives a quicker and more copious 
lather and works cooler in the hand. 

‘ Specification oil was used during the vessel’s run, with the 
exception of 200 gallons of the contractor’s special oil used on 
the starboard engine. The only time that really hot bearings 
were experienced was once with the valve-stem guide of the 
starboard I.P. engine, due, probably, to a wrong combination 
of valves on the assistant cylinders, and once on the port H.P. 
engine, which was caused by insufficient oil. In both cases 
the heating was quickly reduced, and no further trouble was 
experienced. No other bearings developed excessive heat, 
and the oil would at times show a little lather. 

The brasses of the port H.P. engine showed that the white 
metal at the sides of the brass was squeezed, both in the 
direction of motion and also in the opposite direction, whereas, 
if their condition was due entirely to bad oil, it should show 
only on the go-ahead side. The H.P. and I.P. crosshead slip- 
pers showed the most lost motion, although they received a 
liberal supply of oil. 

Of the four samples of oil, the three samples of specification 
oil showed a decided clearing in the upper part of the bottles 
and a settling in the bottom, the sample of the contractor’s 
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special oil apparently undergoing the same process, but more 
slowly. 

Examination of the top eccentric strap showed an even 
wear, with no signs of heating and a squeeze of the white 
metal in both leading and following edges of the segments. 

The cap of No. 6 port main bearing showed the white 
metal in good condition, but there were two cracks about 6 
inches long, extending from the hole for tallow box. 

A sample of white metal hammered down and broken 
showed very nearly the same characteristics as Parsons, and 
suggested the possibility that the metal was not properly 
hammered and peened into place. 

In connection with the failure of the bearings of Armored 
Cruiser D and Armored Cruiser C, comparative compressive 
tests of three anti-friction metals were made at a navy yard. 
The test pieces of naval white metal were taken from stock. 
Parsons white brass showed slightly the best flowing qual- 
ities, being pressed thinner than the naval metal, yet showing 
the least breaking around the edges. Magnolia metal showed 
a distinct lead color and was about 60 per cent. heavier than 
either of the others. The metal from which test pieces were 
cut was first poured. The compressibility of the different 
metals may be compared by noting the final reduction of 
heights of approximately equal compression loads. 


coccceeee Naval white brass. | Parsons white brass | Magnolia metal 


Test piece NO.......c0+...sesseeeee| N-I | N-II | P-I_ | P-II | M-I | M-II 
Original diameter, inches......, 0.749 | 0.75 +0.749 |f0.749 | 0.743 | 0.75 





height, inches......... | 0.75 0.75 0.759 | 0.758 | 0.751 | 0.748 

Elastic limit (about), Ibs..... *8,000 | 8,000} 5,000} 5,000! 5,000| 4,500 

Final compress loads, lbs...... | 36,000 | 37,000 | 36,500 | 36,800 | 37,000 | 36,500 

Final height, inches............ | 0.2 0.192 | 0.1805) 0.18 | 0.161 | 0.166 
i See 23, eS oF Be 


An opinion was expressed during the work of re-babbitting 
these bearings that possibly the brasses contained too great a 
thickness of white metal. 

By a comparison of the metal in various bearings, both in 
Armored Cruiser C and Armored Cruiser D, it would seem 
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that those containing about ;% inch of metal (above the ribs) 
stood their load much better than those containing more than 
this amount. This might be partly due to the fact that it is 
more difficult to properly peen the thicker metal in place. 
None of the crank-pin brasses of Armored Cruiser C were 
fitted with sufficient or proper anchorages for the white metal 
at the parting of the boxes. The metal in the bearings of 
this vessel was, for this reason, torn away from the boxes at 
this point. Similar conditions were found on Armored 
Cruiser D. Dovetailed anchorages were therefore cut in the 
boxes. 

The Board of Inspection and Survey, on final inspection of 
this vessel, reported that the size of the oil holes in the crank- 
pin brasses be increased. 

Armored Cruiser D was not ready for her final trial, as the 
work on her bearings remained uncompleted on the date re- 
quired therefor. 


‘ARMORED CRUISER E£.” 


Preliminary Trial.—Difficulty was had with the crank-pin 
bearings only, beginning first in the I.P. bearings, and being 
worst with the port engine. These bearings were babbitted 
in the manner shown in sketch No. 1 with white metal com- 
posed of 3.7 per cent. best refined copper, 88.8 per cent. of 
Boustead tin, 7.5 per cent. of antimony, Boustead tin being 
substituted for Banca tin by special authority of the Bureau. 

From the sketch it can be seen that the oil channels take 
up much space, the bearing surface being considerably re- 
duced. On the standardization run, when the engines were 
speeded up to 130 turns, the I.P. of the port engine developed 
5,621 I.H.P., while the H.P. made 2,936, the forward L.P. 
2,945, and the after L.P. 2,852. This imposed excessive 
work on both I.P. engines, and knocking began after the first 
hour, increasing quickly until most of the metal was pounded 
out in the port bearing, and the pin was running on the brass, 
scoring it considerably. All the water possible was kept run- 
ning on the bearings and there was no sign of overheating, 
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Sketch No. I.— METHOD OF BABBITTING FOR STANDARDIZATION AND 
First ATTEMPT AT FouR-HouR RUN. METAL POUNDED OvT. 


but as soon as the metal began to be pounded down the oil 
holes in the club end of the connecting rod filled up, and no 
more oil got into the bearings. The brass plates over the 
holes through the crank pins were left off, and no grease put 
in the pin. The oiling gear for the crank-pin bearing con- 
sists of four oil tubes led down along the connection rod 
from the oil cup at top, fed by drip under the cylinder 
(sketch II). On reaching the club end the oil tube bends 
out and passes through the club end and projects about } inch 
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down into the hole in crown brass, the hole being carried on 
through the brass to the bearing (see sketch No. II.) Soon 
each bearing there are four holes in the upper brass, two 
inboard about 11} inches apart, and two outboard 5? inches 
apart. With the type of babbit originally fitted sufficient 
oil seemed to feed into the bearing, the trouble being caused 
by excessive horsepower in the I.P. engines and insufficient 
bearing surface to stand the added strain. The engines are 
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designed to have, at moderate speeds, one-third load on H.P., 
one-third on I.P., and the other third divided between the 
two L.P. cylinders. When high speeds were reached this did 
not hold good and the I.P. got most of the work. The crank- 
pin brasses were fitted to 28 B.W.G. lead. 

After this run the spare brasses were fitted on both I.P. 
pins, and the first attempt was made to run the four-hour 
trial. In order to lessen the load on the I.P. engine, all L.P. 
cut-offs were run back to the five-tenths mark on the slot in 
the arm of the reversing shaft, giving a cut-off in the L.P. of 
about .55 stroke. After running so for a quarter of an hour 
they were run back to the eight-tenths mark on the port en- 
gine, giving a cut-off of about .35 stroke, and a little later on 
they were run to seven-tenths on the starboard engine, and 
these positions were retained until the trial had to be given 
up. Before the run began the port I.P. crank pin was 
knocking slightly, and this increased gradually until, after 
forty-five minutes running, the babbit was all pounded out of 
the port I.P. bearing, and the pin was again running on the 
brasses, the pounding being terrific. The starboard I.P. was 
also knocking, but not so badly. All water possible was kept 
running on all bearings. Two hours and a half after the 
trial began the inboard parting piece flew out, wrecking the 
crank-pit guards, stay rods, platform and water service. Ex- 
amination showed that the bolts holding it in had broken at 
the first thread, and that the dowel pins had sheared. The 
nut on outboard cap bolt had backed one turn and a half, and 
the set pin was bent up. Practically all the white metal was 
cut except between the ribs on the brasses. There was no 
sign of melting of the metal, and the bearings were not hot. 
In spite of the relief given by altering the cut-off of the L.P. 
cylinders, the metal had again pounded out. Examination of 
the brasses showed pounding in the starboard H.P., the star- 
board forward L.P. and the port forward L.P., but none had 
heated. 

On returning to the ship yard the white metal was melted 
out of all brasses except the port H.P., and they were re-bab- 
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bitted with a white metal selected by the builders, supposed 
to be somewhat harder than the Navy standard composition. 
In re-babbitting, the bearing was poured practically solid, the 
oil channels being very much reduced and the bearing surface 
very much increased (see sketch No. III). This was going 
to the other extreme and not giving much room for the cir- 
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Sketch No. HI.— BrassEs AS BABBITTED FOR SECOND, THIRD AND 
FourRTH ATTEMPTS AT FouR-Hours’ TRIAL. METAL MELTED OUT 
UNTIL CENTRIFUGAL OILERS WERE FITTED. OIL CHANNELS }’’ TO 
2’ DEEP. 


culation of oil in the bearing. The pins were filed down to 
smooth off the scores, the brasses refitted and the crank-pin 
holes filled with Albany grease and the brass plates put on. 
To fill all the pins, 1,120 pounds of this material were neces- 
sary. ‘Two one-half inch holes in the pin gave this grease 
access to the bearing, and centrifugal force forced it out. In 
addition the regular oiling gear was in use. The L.P. cut- 
offs were run back to full length of slots in arms of reversing 
shafts and the brasses were fitted to about 26 lead B.W.G. 
As soon as the trial began all of the bearings were flooded 
with water. After running 2$ hours the port forward L.P. 
crank pin showed evidence of heating, the white metal melt- 
ing out, and the trial was stopped. The brasses outside were 
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not so hot that the hand could not be held onthem. During 
this trial the engines worked very smoothly, only a slight 
knocking being apparent in the port after L.P., and the bear- 
ings seemed to be well oiled, from the amount of grease 
thrown out on the guards. On each revolution the oil seemed 
to be thrown out and up the oil pipes on the connection rod, 
against the under side of the cylinder, and with it some of the 
Albany grease. Examination of the bearings showed the 
metal in the port forward L.P. melted out to great extent, but 
the engine was so quickly stopped that there was considerable 
metal still left. All the Albany grease was out of this pin, 
and the inside of the pin contained some melted white metal 
and showed evidence of considerable heat. Very little grease 
remained in any of the other pins, the greatest amount being 
6 pounds. This would indicate that the bearings were all 
right as regards amount of surface as long as they were lubri- 
cated, but so much lubricating material was thrown up out of 
the oil pipes that very little from that source got into the 
bearings. With sufficient Albany grease to last the four 
hours the ship could have made the run, but as 1,120 pounds 
had been expended in 2} hours, or at the rate of about 5 tons 
per day, that system of lubrication was hardly practicable. 
Still the faults did not seem quite clear, so the vessel was 
made ready for another attempt. No changes were made in 
the bearings, though all brasses were gone over, smoothed up, 
burrs chipped off and the oil holes and channels cleaned out. 
On the theory that closing up the holes in the crank pins 
caused the overheating, the brass plates were left off this time 
and the holes left open, relying only on the regular oiling ar- 
rangements. A third attempt was then made at a four-hour 
trial. On speeding up to the required number of revolutions 
oil was again thrown out of the oil pipes, and the port forward 
L.P. crank pin gave evidence of heating. The engines were 
slowed down and extra water service turned on until the pin 
was cool. Another attempt was then made, but within about 
three minutes after the beginning of the trial the port for- 
ward LP. bearing began to get hot, and the trial was called 
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off. While the ship was returning at slow speed some bath 
brick and oil were run into the port I.P. bearing to smooth 
away the scores. Examination of the bearing showed that it 
had begun to melt, but the engine had been stopped so quickly 
that very little metal was gone. It was then decided to fit 
centrifugal oilers, making three systems of lubrication for the 
crank pins. It would perhaps have been possible to increase, 
somewhat, the oil channels without sacrificing too much 
bearing surface, for in all these trials the port H.P. crank pin, 
fitted with the regular Navy system of bearing blocks made 
of Navy composition, had never given any trouble whatever, 
and was in perfect condition. 

The centrifugal oilers, as fitted, were composition rims with 
an open groove in the outer edge, the oil feeding into the 
groove from an oil pipe led to the oil box on the engine 
framing. One apparatus was fitted for each crank on the for- 
ward side of the web, being secured to it by clamps bolted on 
the side of the web. When the engine turns over the oil fed 
into the channel is thrown out toward the rim of the wheel 
by centrifugal force, and from there led by another oil pipe 
to a new hole # inch diameter bored through the crank pin 
between the two holes already existing for interior lubrica- 
tion. As there was very little clearance between the web of 
the pin as it revolved and the water-service pipes to the main 
bearings, the oiling rim had to be very thin, and this is its 
principal fault. At the most it could hold only } pint of oil, 
and might be easily clogged. Then with syringes oil was 
squirted constantly into the groove during the trials. The 
brass oiling ring or rim is 3} inches wide and ;% inch thick. 
The oil groove in it is ;5, inch wide and ? inch deep. Sketch 
No. IV shows the details not apparent on sketch VI. 
After having installed centrifugal oilers the contractors made 
a run for their own information, keeping the engines at 120 
turns for about an hour and a half, everything working well, 
with the lubrication good and no signs of heating or pound- 
ing. ‘The brasses of the intermediate and low-pressure crank 
pins were removed and overhauled, and found to be in excel- 
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Sketch No. IV.—CENTRIFUGAL OILERS, ‘‘ CALIFORNIA.” 


lent condition. In refitting them they were put on very 
loosely. Leads on the low-pressure crank pins measured from 
24 to 27 B.W.G. lead, on the starboard intermediate 22 to 26, 
and on the port intermediate 21 to 27. In places the leads, 
which were about 20 B.W.G. originally, showed no contact 
whatever. The port I.P. crank pin had become so smooth 
that no traces were left of scoring. The ship was reported 
ready, and the fourth attempt was made at a four-hour trial. 
Before the trial began there was a slight knocking in both 
I.Ps., but this increased only slightly during the trial. Slight 
knocks developed also in the after L.P. on both sides, but did 
not increase to any great extent. A great deal of water and 
oil was run on and into the bearings, and it is probable that 
the bearings, being continually flooded with both, prevented 
any increase in the knocking. The ship passed this trial suc- 
cessfully, and the bearings, on examination after the trial, 
showed little injury. The port I.P. crank pin, which had 
been scored most on the standardization run and on the first 
attempt at four-hour run, was worn quite smooth, showing no 
traces of the former scoring, and was only .003 out of round. 

Examination of the pins and brasses showed that greatest 
stress comes on the bearings during two quadrants of the 
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revolution, and shows effect in the upper inboard quadrant 
and the lower outboard quadrant of the bearing. 

Criticism was passed on the oil grooving of the bearings of 
this vessel, the opinion being expressed that a bearing such 
as shown in Sketch V, which has been used with satisfaction 
























































Sketch No. V.—BEARINGS AND OIL CHANNELS OF ‘‘ NEBRASKA.”’ 


in another vessel, would be much more efficient. The opin- 
ion was also expressed that the system shown in sketch I 
would work on all bearings except the I.P., for which a 
special arrangement would be necessary. 

It might be remarked, in conclusion, that the white metal 
used on the latter trials did not prove superior to the Navy 
standard metal, as it failed after two attempts of a few min- 
utes each in the third trial for four-hours, but did prove satis- 
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Sketch No. VI. 


factory on the fourth and fifth trials, after the installation of 
centrifugal oilers. This tended to show faulty lubrication 
rather than faulty metal used. 

To conclude: 

On account of the limited amount of space allowed for 
the installation of machinery in U. S. Naval vessels, the en- 
gines must be designed with a minimum amount of bearing 
surface. This is so to even a more marked degree in our 
service than in other services, and bears on the question as to 
whether or not the efficiency, as a whole, of our vessels is 
increased by the great sacrifice of machinery space for the use 
of other departments. Under the actual conditions, however, 
with the high speeds necessary, a high pressure per unit of 
bearing surface results. Particular care is therefore necessary 
in designing the bearings and in selecting a suitable material 
therefor. With perfect design, perfectly even running and 
perfect lubrication, the kind of material used would toa great 
extent be immaterial, as, under such conditions the bearing 
surfaces would be separated constantly by a film of oil, and 
only fluid friction and the wear of fluid against metal would 
result. No engine, however, can run absolutely smoothly, 
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being subject to varying stresses due to thrust, lateral motion 
and the reversal of the direction of motion, and as a certain 
amount of grit is ever present, even with the best grades of 
lubricating oils, the question of the material becomes an im- 
portant one. 

This material must be of such a nature that friction will be 
reduced to a minimum, and such that it will not heat readily; 
it must be capable of withstanding the chemical action of the 
oil, and of oil and salt water; it must be such that it can be 
easily removed and replaced; it must have a reasonably high 
melting point, and must stand not only the mean load but the 
load resultant from intermittent jerks, without deformation; 
and, finally, it must be such as not to cause undue wear either 
of the journals or of its own surface. 

It seems to be the general practice of marine engineers to 
use for this purpose one of the alloys known as white metals, 
meeting, as it does, the necessary requirements of reducing 
friction to a minimum, of not heating readily, and of being 
easily removed and replaced. Various metals may be used in 
the composition of a white metal, the most common of which 
are tin, copper, antimony, lead and zinc. The alloy selected 
by the Bureau of Steam Engineering for the main bearings of 
naval vessels is, as stated at the beginning of this article, 
made up of copper, tin and antimony. The copper is intro- 
duced to give a high melting point, the tin for strength, and 
the antimony for hardness. The tin and antimony together 
give the metal stiffness, while the tin and copper tend to 
minimize chemical action. To give the necessary strength it 
will be noted that a high percentage of tin is used ; the anti- 
mony, being more or less brittle, a limited amount is used to 
supplement the strength by hardness ; only enough copper is 
used to give the desired melting point. Lead is the best 
wearing metal known, and being very soft and plastic, forms 
an excellent bearing surface, but, because of the difficulty in 
overconiing its tendency to flow, it is omitted from the above. 
mentioned alloy. Zinc adheres to iron when even slightly 
heated, and becomes brittle under the effect of heat, so is 
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little used. The standard Navy metal is generally accepted 
as one of the very hardest alloys that can be classified as a 
white metal. 

The compressive test, such as was made of the metal from 
the bearings of Armored Cruiser D, is of great importance, 
as it indicates whether the alloy is hard enough to support the 
required load without deformation, whether it is so brittle 
that it will split under its load, and whether sufficiently 
plastic to run cool under the varying stresses to which it is 
subjected in actual service. 

Great care is necessary in the mixing and casting of the 
metal originally, as well as in the re-melting, re-pouring and 
peening when the bearings are made. The most expert hands 
are required for this work as a special practical knowledge is 
necessary. It is of vital importance that the metal be care- 
fully peened in place in order to compress and harden the 
metal and fill up all crevices, after which it must be accu- 
tately bored and scraped to a proper fit on the journal. 

There is probably little difference in the value of the gen- 
erally accepted metals by reason of their composition, as the 
good or bad bearing undoubtedly depends more upon the re- 
melting, re-pouring and peening than on the metal itself, 
always assuming that the bearing is properly adjusted and 
the lubricant good. 

In the design of the bearing there must be considered—the 
construction of the bearing, whether the white metal should 
be in one slab or more, and of what thickness, the clearance 
to be allowed, the arrangement and extent of oil grooves, the 
means of supplying the oil, and the point of admittance of 
the oil; of late, the question of the necessity of centrifugal 
oilers has come up. 

From the above conclusion it can be seen that there are a 
multitude of points bearing upon the efficient performance of 
main engine bearings in service. Faults of one nature may 
give rise to difficulties at high speeds, whereas others may 
even cause failures at the lower speeds. It isa matter of 
great difficulty, in cases such as are cited in this article, to 
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pin down the cause to but one of the many reasons, for, to . 


sum up once again some of the causes for hot bearings: 

(1) Insufficient area of bearing surface ; 

(2) Strength of the casing ; 

(3) Wearing surfaces out of line or badly fitted ; 

(4) Improper adjustment ; 

(5) Improper or insufficient lubrication, due to poor means 
of supply, poor oil, presence of dirt or grit, or to neglect ; 

(6) Unsuitable bearing metal. 

It will be seen that the design, the adjustment, and the 
management are all three jointly concerned. 

It has not been the object of the writer to put forth herein 
his reasons for the causes of the failures cited in the cases of 
the five vessels mentioned, but to present the facts of each 
case before the readers, that they may draw their own conclu- 
sions. 

It seems only just to close these remarks with the statement 
that our engines are required in many instances to develop a 
much greater horsepower than the specifications of the vessel 
have called for, in order to attain the speed required by the 
contract. The uncertainty due to such conditions, coupled 
with the fact that so limited an amount of space is allowed 
for the installation of the machinery, requires unusually care- 
ful judgment in the design of our bearings. 

Some time has elapsed since the writer began this article, 
and in the meantime the various defects noted have been 
remedied by re-adjustments and the use of high grades of 
lubricating oil. In consequence thereof there have been no 
adverse reports on the working of the bearings. 


f 
\ 
4 
: 








U. S. REVENUE CUTTER ITASCA, 


U. S. REVENUE CUTTER /7ASCA. 
THE REHABILITATION OF THE U. S. S. BANCROFT. 


By Frrst ASSISTANT ENGINEER, CHARLES S. ROOT, 
U. S. R. C. S., MEMBER. 


A steam vessel having become desirable for use in training 
cadets of the line and engineer corps of the Revenue Cutter 
Service, to replace the bark Chase, the U. S. S. Bancroft was 
provisionally transferred from the Navy to the former service 
on January 20, 1906. On June 30th of the same year the 
transfer was confirmed by act of Congress. After the final 
transfer the vessel was rechristened /¢asca. 

For the information of those unfamiliar with the vessel the 
following description is given. 

Intended for a practice ship for the Naval Academy, the 
Bancroft was designed to contain everything in the shape of 
machinery and equipment that was usually found on a large 
protected cruiser, and this scheme was followed out even to 
the extent of fitting steam turning gear to her diminutive 
propelling engines. 

She was built by the Samuel L. Moore and Sons Co., of 
Elizabeth, N. J., and cost when fully equipped and ready for 
sea, $431,281.63. Her rig was that of a barkentine to top- 
gallant sails without a bowsprit. She was built with poop 
and topgallant forecastle, ram bow, protected rudder and 
steering gear. 

A light protective deck extended from stem to stern, with a 
cofferdam for cellulose from forward of the forward magazine 
to aft of the after magazine, including the machinery and 
boiler spaces. No double bottom was provided, but all other 
watertight sub-divisions were fitted that were usually found 
in vessels of the Baltimore class. 
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The armament consisted of four 4-inch R.F. rifles, two 6- 
pounder Hotchkiss, two 3-pounder Driggs-Schroeder, one 
1-pounder Hotchkiss, one 37-mm. Hotchkiss, one Gatling gun 
and two torpedo tubes discharging above water. 

She was launched April 30, 1892, and the official four-hour 
trial was held January 26, 1893. 


MACHINERY. 


The boilers, two in number, were of the gunboat type. 
They were placed side by side in one watertight compartment 
and were fired from the after end. The uptakes discharged 
into one funnel. Forced draft was installed on the Kafer 
closed ash-pit system. The main feed pump was in this 
compartment. 

The engines, two in number, were the usual three-cylinder, 
inverted, direct-acting type, with the H.P. cylinders forward 
and the L.P. cylinders aft. The H.P. and M.P. cylinders 
were fitted with piston valves and the L.P. with an ordinary 
double-ported slide valve. All valves were worked by Steph- 
enson link motion with double-bar links. The bedplates 
were cast in three sections. The bedplates, pistons, cross- 
heads, cylinder- and valve-chest covers were of cast steel. 
The cylinders were supported on wrought-steel columns with 
steel tie rods. 

Steam-hydraulic reversing gear was provided. ‘The crank 
shaft was in three interchangeable sections. The shafting 
was all of mild steel and hollow. 

The propellers, of manganese-bronze, were built up, three- 
bladed true screws and turned outboard. 

The main condenser was cylindrical’ with a composition 
shell, set abaft the propelling engines and in the center of the 
vessel, the tubes being athwartship. A small auxiliary con- 
denser with air and circulating pumps was installed, for use 
when not under way. 

An air pump of the twin-cylinder type was fitted, and also 
a centrifugal circulating pump for the main ecatlenintt, to- 
gether with the usual naval outfit of auxiliaries. 
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In the original plans of this vessel there were nine bunkers 
below the protective deck, one on each side of the forward 
magazine, one cross bunker forward of the boilers, two bunk- 
ers on each side of them and one on each side of the engine 
room. In addition, there were eight bunkers between the 
protective and berth decks so arranged as to trim into the 
lower bunkers. The capacity of the bunkers proper was 
about 115 tons. 

After the transfer of the vessel to the Revenue Cutter Ser- 
vice, on February 8, 1906, a board of survey was appointed, 
with orders to recommend such repairs as would be necessary 
to put the old steam machinery of the vessel in efficient con- 
dition for sea service. The report of the board showed that 
most of the machinery—with the exception of the propelling 
engines—was practically worn out and not worth repairing. 
Upon this report the Department decided that it would be 
necessary to install practically new machinery throughout, 
with boilers of a different type. Extensive repairs to the hull 
were also planned. The contract for rebuilding was awarded 
to the Newport News Ship Building and Dry Dock Com- 
pany, the total cost of which amounted to about $120,000. 
The result is that the vessel is now practically as good as new, 
and in many respects better than when she was originally 
designed. To reproduce her, not including her battery and 
equipment, would cost the Government at least $350,000, at 
the present prices for labor and material. 


REBUILDING. 


The old battery and the sponsons for the 4-inch guns were 
removed and the following guns are now mounted: Four 
6-pounder Driggs-Schroeder, two 3-pounder Driggs-Schroe- 
der, six 3-pounder Hotchkiss, two 1-pounder Hotchkiss, and 
two 1-pounder field guns. 

The rig, which in September, 1896, had been changed from 
that of a barkentine to two pole mast, was replaced by that of 
an hermaphrodite brig. The dimensions follow : 
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Lower mast, heel to hounds, feet and inches............-cscsceceseseseces 44-0 
BEE FORE GI SIN nctdais inetd nines coscetascatinsccdscisssestsieetediedsiieas 7-6 
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Bae, SOGE BA SE aso ves ssspconecanisonsnenecoinesendceedaiiabbeassbcbiene 7-6 
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RAE, QR icin css ecectdostinendsitonss sh ctetinaceneipiteetianl Akietiedeanaa 5+ 
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topsail yard, length over all, feet and inches..............ceeeessse-+ 40-0 
yard, length over all, feet and inches ..............cccssscsseereeeseeees 5 3-O 


The standing rigging is all of galvanized iron. 

All old wooden decks were removed and replaced with 
new. A new pilot house and chart room were fitted. 

The protective deck over the engine and boilers was re- 
moved and trunks carried up to the spar deck, large openings 
being left for light and ventilation. 

The bunker bulkheads in the engine room were removed 
and this space utilized for auxiliary machinery. A cross 
bunker was built between the engine and boiler space to 
make up the coal capacity lost by removal of the engine- 
room bunkers. At each side and directly outboard of this 
cross bunker fresh-water tanks are built in, with a total 
capacity of 4,200 gallons. The capacity of the lower bunk- 
ers is now about 117 tons, a little in excess of what it form- 
erly was. 

This arrangement has increased the floor space around the 
machinery. The fireroom is light and airy, and is ro feet 
long by 19 feet wide. The new arrangement of the vessel is 
appended. Plates II and III. 


BOILERS. 


The two original boilers, of the horizontal, fire-tube gun- 
boat type, had two corrugated furnaces each, with a separate 
combustion chamber for each furnace. The following are 
the principal data : 














706 U. S. REVENUE CUTTER ITASCA. 


Ne We eR aisabsihcnticestidanvdewcsconssencsdesetncieveredsevsackbeovansieten 2 
I I iia ened. share tne stdecnccecsdecedsascecenecsacctcensiceseve 160 
TMs, FORE Bie BIN ia sisinse sociocacevccscoyorssissc<cesecscesvcceecensccessose 17-0 
Dismscter, Cutwicde, feet asd 1NCICR....0000 5c secsccccccsccccscoccscocovecsoscoccs 8-94 
Grate surface, total for two boilers, square feet............-.ssesssesesseeee 87.75 
Heating surface, total for two boilers, square feet... .............s+ssee0 2,686.0 
Heating surface -- grate surface... .............csscoscccscscescccccesessseesccees 30,01 
Furnaces, mean internal diameter, inches......... ...cscesescesseecesseeeeees 4! 
RRO GE PR, IN I sii ac nde ccsinsenccnicncdes cecaceasccessscocdebensacs 314 
Length of tubes between tube sheets, feet and inches.................0++ 7-0 
Cutside diameter OF tebiee; (COB 2c. sics 1c cccccewecescccccceccccesccscoses csecce 2 
Area through tubes, one boiler, cquere PI sas Siveteoeseeccicseucttnddindinss ete 5-44 
Grate surface +- tube area, square feet. ......000.....cssseseresessesssecccccoess 8.06 
TRON OE CUMIN) CEE I I sins osc sevcescvnnsseissce-ncscccessccdoans 4-7 
BRGRE OF SUINRE BTR GIIIE, GOO onssnn cede sicsenspsconenorcoscsonsstiencenss 40 


These boilers were removed, together with their uptakes, 
funnel and all other fittings. They were replaced by Bab- 
cock & Wilcox boilers of the following dimensions : 


IR HE TION: 15 aah cediiaadh eaadaainkikaien bac cphdaseatartebtabensseee 2 
Drums, length of shells, feet and inches...............csscscsesecsscecesseeees 7-44 
inside diameter, feet and inclies. ..............0.c0scecceccessecsseeees 3-0 
Wn CRRENG, SD EIIN, BIEN a socediinn a sgadesncnseinses sinttnceccnsanaens coceesinn oF 
Heating surface, two boilers, square feet......c0..01.. sessscessssseeeseeee ees 3,825 
Grate surface, two boilers, square feet.............000.22s0-ccccccscscsccceseeee 85 
ea es AOE ra deees bedare cer Gabcendadas Gipvelsaveuucbecncedeuk snkegtdeocens cesauetes . 45 
Funnel, height above grates, feet and inches............00-.ss0.-sseeeeeeeee 48-0 
inside diameter, feet and inches..................csscsssesssccececes 5-0 
Generating tubes, outside diameter, inches........ ........s00.sseeeeeeees 2and 4 
thickness Of 2-inch.......0000-sscsseee seceeeseeeee NO, 8 B.W.G. 
MINERS Shadiisecctideccacbenvncnsnans No. 6 B.W.G 
exposed length, feet...........0s00s ccccsccceceseserscoscecee 9 


inclination Of, degrees.............cccscccesseece seccessee 15 
number of 2-inch, one boiler................see00-..25. 314 


BEpete; GtnG WOMNEr... cccciisccsccsscceecic se 12 
Height of boiler, base to drum center, feet and inches..............006.  9-5% 
casing top, feet and inches ...............0008 10-1} 
Wilts of thalder, Geet OE TRAE clad csccinccic iccedsdecescccsccccsccssscconseces 7-34 
Length of boiler at base, feet and inches...............ccccccesesesees cesses 10-3} 


The pressure parts of these boilers are of mild steel and the 
tubes cold drawn. All details are up to the usual Govern- 
ment standard. ‘The boilers are placed abreast, and well for- 
ward in the old boiler compartment. The gases discharge 
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into a single funnel. There is a space, 30 inches wide and of 
ample height, between the boilers, for passing coal from the 
forward bunkers. 


FORCED DRAFT. 


The original boilers were fitted with forced draft on the 
closed ash-pit system. Air was supplied by two fans bolted 
to the coal-bunker bulkheads and taking air from ducts over 
the tops of the boilers. 


Diameter of Cylinders (two), INCHER....nccrccerscrscevcssoresoosoconsevessosacescacses 34 
iS, Nias La viicid a eeie sb ddeattes ini ctcaninteainl iietanbbeataboinsestint 2+ 
Diameter of fan, inches, ............ccessccsesesseesesees doubebbcenthastash dinate 36 
Width of fan, inches.............. alte - anhapaiehsepdbunabediaksamensapaeecnameaeden 12 
SO GE es nsdn nds ss:cctkecsangcvtnaciascochvsnnsesssqnecaiaeeeentes 22 


These fans were removed and one fan of the Sturtevant 
make and of the following dimensions installed : 


Diameter of cylinders (two), inches ......005. cerssecsscovescesderseseo rece seoesecocess 5 
SR Si iidccceinccnchesticasncssacsacedbtecsenessstsccihenssnpeecietplaginiuandasditaion 4 
RRS OE TI, SII i ins kd c ccdrddsicececcnvsesictacssavedbevorsesbuneatneasoteteoele 60 
Width of fan at periphery, inches.............ccc0» csccccseescsesecccceseccess veceevees 17 
OE GE TI, Bias cinccs tne cenevetanenticansscetesicthecsectsauniapaabnassbaeners 42 


The fan engine is located in the upper engine room, the 
fan being outside the engine-room casing on the berth deck. 
It takes air from the crew space direct and discharges through 
a 20-inch by 48-inch duct, below the berth deck, to the 
fireroom. Air valves and ducts are also connected to the 
fan casing and living quarters for exhausting vitiated air. 


PROPELLING ENGINES. 


The cylinders were 13}, 21 and 31 inches diameter and 20 
inches stroke. In order to increase the economy and steaming 
radius of the vessel, it was decided to raise the steam pressure 
from 160 to 215 pounds and cut down the high and interme- 
diate cylinder diameters. 

New H.P. cylinders, 12 inches diameter, and new M.P. 
cylinders, 19 inches diameter, complete with new pistons and 











708 U. S. REVENUE CUTTER ITASCA. 


valves, were made for each engine, and a very light cut was 
taken through each L.P. cylinder. The piston rods and valve 
stems were either renewed or resurfaced and new packing for 
pistons, piston rods and valves stems was furnished. 

New crossheads, crosshead pins and crosshead bearing 
brasses were made, and the bar guides were taken down and 
planed on all four faces. 

The crank and thrust shafts were removed and trued up on 
all bearing surfaces, and brasses and bearings were refilled 
with white metal, refitted and lined up. The stern-tube and 
bracket bushings were restaved with lignum vitae. All eccen- 
tric sheaves were trued up and the straps remetaled and bored 
out. The reversing cylinders and gear were overhauled and 
the oil cushioning cylinders and hand pumps removed. 

New balanced throttle valves were fitted in place of the old 
gridiron valves. New oil and water services, gauges and 
revolution counters were also fitted. 

The following are the principal data for the main engines 
as now installed : 


I inctiiiialy cdcits puneseynadnastgeinnsecss cepseensbubetmenioceaete 2 
CHMMEOEE, MMNTUEE BOF GEG GUMIRE.. ccc sccicccccescessesccsssontvccccescnesvoues 3 
I OE Te Pile tics Kneis sep stnsinccncessstoudoavsaoese 12 
Pie ME inteioncdesnseentuencanssscastsvcneeiabanioe 19 
L.P., inches........ scasipiiia biota vassindbaonbiediwenta 31 
ieee AE GIR, BIR essiisincitnnceciesvcrrsnnteesasnvnniy ss éensyecsisborssenes 20 
Ratio of the net piston areas, at present.............cccceescsecsseeeee serene 132.5 :6.8 
Re GID, 5 ossccnnsscnenecerescosccoscesses 132.4 :5.3, 
Valves, diameter of the H.P., imches... ..cccocccsccccscscosccscccccceses sscccces 6 
i CO IOs cicicivectcdewrnbisnrtvcdnns sestin 
length of the L.P., feet and imches........... ...ccceceseseceeereeeeee 2-04 
Ne Ge OE Ben, Se I IE vinvciincccsoscctccsocssesédsonseeets 2-3 
I NO, SAM oi cctenbccctenntes abacease.secesesessvecsccurne.dccee 2¢ 
DR RRINE EN, I, TI vcs cenctescescocnesevecsscecasccsaresio 44 
ee er ME aac cack eecaonvscscesssoescsoncteencers 53 
Be i, NE RC idnlienistcbsntesssdnitcebbhaccossecastctcsewed 7% 
condenser, Giameter, inches........cc.ccccccccsccscccserscececscece 92 
Clearance in H.P. cylinder (volumetric), per cent............scessseeeeeeee 11.67 
M.P. cylinder (volumetric), per Cent..........cccccecss.e0. 12.0 
L.P. cylinder (volumetric), per Cent........0c0.ccccsceeseeees 7:3 
Connecting rods, length, center to center, inChesS..........0+..0sseeesseeees 40 
diameter at upper end, inches.............cccsesesseeeeees 24 


IE GIN, IDs cence dasvesccccvne canenes 
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Crosshead, surface of slipper, square inches............cccceccsssccsseesseeeee 71.8 


pies, Gintmetar, INCOR. ..ic0snsseeeseseseces ceceddses sscessommneceentes 3t 
Cope EE GE, Se iiiiteik econ csesccctcnccctsivstonssstetinbnretscinces 6 
I I ER ch Scdsie nihancsnca' Scesncnasciackeindeebideatinees 3 
fomermgin, GiGGAGON, TONED... .. 0s0cccsscacgssaneriesisssnsecesacace 6 
OR, Gas sess innnessnckasessiosesscoeiamencensvosen 54 
length of each section, feet and inches....,.............000+ 2-74 
Crmmalk: pias, GING, TR one ss crac gcsccsnccnpsmenieonnsencsvmniensanssiees 6 
WOMEIER, BOETIOD,. 6 cvenesecensccesceicecessqasstcus sevcaseussephbosenastess 6 
GONE TA, SI oa in ss 00s 5ncssnadonespncsreonemcncsah cobabseessesess 3 
Sinceiak Se GE, I is eaibsints ctvenintacenicascetbciscactehitbaitesvcccs 5% 
NE I co iiattriicscahstcindiescsadcasieindsueedieketses 24 
CTI, CINE HO segs cere cicencndsncsc con deineesavncdicucessobons 9 
mumsiber for Ent WRAL. .iccices.oo<cseccscsccsvetssccpasececsess 7 
surface, total for one engine, square inches. ............:0..seeeee0s 263.55 
ST Aene wie; GI NE 5 ois tnasinnsis eases capitcaxcdeidescababbesentavas 6 
SE, THONG, RON cccscsencescnsagunancsnreecessscavdssnnstbenke: ospavs 3 
Promelion Giaht, GiGUOGGe; TIGR a siccsesececitnice cosecsncecassebeusteisscsusbes 6 
Catia) HOES, SCID iii inc ccskdidedsccesededsissarces soenpecibins 3 
PROPELLERS. 


The propellers are of manganese-bronze with three ellip- 
tical blades, and turn outboard. The blades can be set for 
pitches between 6 feet 9 inches and 8 feet 3 inches. The boss 
is secured to the shaft by a taper key and a composition nut. 
The end of the shaft is covered by the usual cap. 


PROPELLER DATA FOR THE TRIAL. 


Mumsber: propebere. accccssncecscsesh siscvsesssnides sbesssanevoccdsavedaaboon sapteeses 2 
Diameter over tips of blades, feet and inches............sseeeeseseseseeeeeens 7-0 

of hub, feet and inches.................0 jsitinseccnbstnpstebacgpensiie I-10 
Pitch as set for trial, feet and inches...............cscscsecsesesereceees cease 7-9 
EERIICOREAE BR CII GON vain 608: 0casscntccdonnesecensosticbanontacsebesinapians 15.0 
PUGRCIOT BE, CID TINE sae nc séscnnseisenvnnnsesendoshacshvoastbbaseonasbupes 10.66 
Disc area, square feet......... ....0+. -ohadebsssientpinelignbiaaienma OOS E 35.85 
PRES > Macs saciockonsseienasbnqesiéed’: ehsvesiivedtackhek suanbaenenicde ph sabeee £3 
eee) GR <0 DIRE BOON aisccicicsnee. iscarisenenstesambenshiienissuns pessekees 0.418 
Projected ATER -t- GiGC BTOR...ccccccccsccsececscesse-cscsecesecesbec cncces poaeencnsens 0.297 


Immersion of shaft centers at mean draught on trial, feetand inches 7-84 


CONDENSERS. 


The main-condenser shell is cylindrical, of composition and 
in one piece. The circulating water enters at the bottom 
and leaves at the top, the water flowing through the tubes. 
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The tubes and tube sheets were removed and the shell thor- 


oughly cleaned. The old tube sheets were replaced and new 
tubes and ferrules fitted. 


Diameter of the shell, feet and inches. ................ceccccessssces seccessesees 4-0 
Length over heads, feet and inches..,........ccccccsccccccsessescesscesscescseees 7-8t d 
i, Me IN, Bas Sattercntesedcedicescdcnssueasoninachendesicnd ices o8 
length between tube sheets, feet and inches.....................2+- 6-34 
IIE Mii secddaibenatinthats sncektisdekcmmbunin’ ousasehbnduntbtnsnrtese’ 1,772 
Cooling surface, square feet... .ccccccccccccesccccsscccsscesccnee seosescccsoceeeees 3,824 


There was, besides, an auxiliary condenser, with an air and 
circulating pump, all of the Davidson type. As valves were 
fitted in the exhaust pipes from the main engines, this con- 
denser was deemed to be unnecessary and was removed from 


the vessel. 
AIR PUMP. 


The air pump, of the Davidson twin-cylinder type, was 
thoroughly overhauled. 


Diameter of the steam cylinder, inches.,.......0. ....00.s.ssescecccccsseseccces soveee 8 ! 
water cylinders (two), inches................scccccsssccesceseress 14 
is GEE CaRilii ccc coc ktciasletcbbctsins dacisncdeccsiatssccsends sstsesscéensaicuss” EB 


CIRCULATING PUMP. 


The circulating pump, of the usual centrifugal type, driven 
by a vertical steam engine, was overhauled and put in good 
order. 


Diameter of steam cylinder (one), imcheS.........-.ccerscseeeeeecreereecsereeseee 6 


SR NC ionic, 2:7 ciamnmmigadanedr Cueaiapoaoeondcsokercusehe cehidaeddternasatcolces 5 
Dibntnbter 08 Teepetber, TCT .a55ecsccssseccvesscsssccosscseccnysosccsceeassesccccees 22 
Watts of tmepeiler at hub, 1sGes.<.... .ccccccsenescs. cossescosscecoscccesscesesesieeee 4+ 
SE TE IN, SEINE vrnesccc cscs diccsscdsivenssonescessesns 2 } 
a OE SIRE NII, Tio ics coares ocascbescadsucusdbecstcsccxssscebewees onses 8 
et I iris ca bhcds cecceacshsvdsesieecoricecsacatescoscsette 7 


FEED AND FILTER TANK. 


The old feed and filter tank was removed from the vessel 
and a new tank, placed in a more accessible position, is now 
located on the port side. 
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PUMPING OUTFIT. 


The following pumping outfit was removed from the vessel 
together with the old pipe system. 


Cylinders. 






































| 
are Kind. Stroke 
| Steam. | Water. 
inches. inches. inches. * 
Main feed .......ccccssccccecccesecccees vertical single 9 54 10 
Auxiliary feed........0....000..+-+0| Vertical single 9 54 
WOGEE GOT WICC. cscsesessesiccesscces: | vertical single | 9 54 Io 
I Be ivice de cdccn seca ceseseie vertical single | 12} 74 I2 
Distiller circulating.. ...........+... vertical single 53 5 8 
Evaporator feed and tank......... vertical single 3 { if me’ 4 
The new pumps fitted are as follows: 
Cylinders. 
on Kind. , | Stroke. 
| | Steam. | Water. 

a feed % lduvl inches. | inches. inches. 
WERE BODE accesevesicciacorvsoniscescel oriz’lduplex | 7} 4+ 10 
Auxiliary feed ............ssseeeeeeee |horiz’lduplex| 8 | a ae 
WRN GEER csccicestc ce: nsascssaiecs | vertical single Sie eae 7 10 
Pine: ened tilge,.ccssscssccccecsssessise | vertical single; 12 | 7 zz. 
Distiller circulating.. ............... vertical single | 44 | 6 6 
Evaporator feed......00+.....-++++.| Vertical single| 34 | 24 4 





The feed tank and horizontal pumps are placed well out in 
the wings in the space formerly occupied by the engine-room 
coal bunkers. 

FEED-WATER HEATER. 

A new feed-water heater with spiral tubes and about 90 
square feet of heating surface was installed, the heating agent 
being the exhaust steam from the auxiliaries. No heater was 
fitted in the old feed system. 


DISTILLING APPARATUS. 


The old Baird evaporator, No. 3, Type C, being worn out 
and beyond repair, was removed from the vessel. A new 
evaporator and distiller of the Quiggins type, with spiral 
tubes, is now installed. The maximum capacity is 2,000 
gallons per 24 hours. 
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Draught, molded, at beginning, forward, feet and inches...........20-..csseeesseees 
Be ee Ne I ciairccsicncnnasenaxtsviecsnessess 
SRNM, TESS MEd SCHED, ..sinccsse.ccceceessscceveseeee 
end, forward, feet at 
ie Ne WN NIN ccicascosapeneuienscccscoserduasuntabanete 
I PE ee BN isp cccinasicctccnnsreacssensdeceerausce 
sneded, Tae Grand, Same GU SECIS... <0 0000s cnvevcscececevecesctscedves 
Displacement at mean draught as above, toms,..........ceecccsessessreeeeeeseceeesseeees 
Average speed in knots per HOur..........:sscessseeseren cosssesesensenees ¢ sececeees socees 
Slip, mean of both screws, in per cent. of their own speed................:sseeeeees 
Revolutions of the main engines, per minute..... ............ssecseceessseceeesceeseees 
mean of both engines.............. 
Ras OE Re IE I oon sigh etab cs secsnctepscsresounepatapcesiecesansosecsscese 
IE INOUE GE IE TI on oss. sreccssccccccncenenesccces, snsvececcsnsienscoerses 
Pe. SI SINR oa csscaédnsvcsndccasnsendsadisadacdabessone 
ie AIDS isiinniey th vende veennbabedtnenduacinspyticesece 
Vacuum in condenser (inches of mercury)..............sscccsssesescccesscccesesssesoeees 
NN IE Piaf svi cies tareiihais nda icdns ssunurnbonnsannsdancniatinas sy cemnbbiesetasietesteusees 
Cut off, decimals of stroke from beginning (mean of both ends), H. P. 
8 r 
A 
Double strokes of air pump, per minute. .................s000 secescoccccscescescsees -s0ee 
Re NN cic iicds ss obacercshcoteensdinsundanneéaetendesascd 
Revolutions of circulating pump, per minute........ abih. inesavenssnssjietniineathioa 
Temperature, engine room, degrees Fahrenheit...............00+ wha kee Semben eveccece 
injection, degrees Fahrenheit.. cecerstecesndessasoseces. encece 
discharge, degrees || aN ERR IE SR 
TAGE SRT, RN WUMAOIOE 5 .cccscceces acces cessisnnindssbbioosevosiesncese 
feed, degrees Fahrenheit... .............0scccccccsssssese baathusitebusaeiine 
fizerocen, Gegress Pabrembeit..............ccccrccces sevecs sescssesosee-eoeee 
Revolutions of blowers, per minute.. iene Midiatdndsstcecutaiccdioececteeanions 
Mean effective pressure, H.P. cylinder, ‘pounds... bdectosened osegsechsadpentatcnciscestsces 
eo Ey MINER, dsscdeereccanerscdreren sosttonbsctense 
Bie I MINE, aici dics cdscteeid eciscbciccctabesvese 
referred to L.P. cylinder, pounds................0ssceesees 
SO TONES Te vaticinnsssstekioges nse tiokesnasnndenadesiscesientsndbent otoeemnseeie 
MNGE Adulte dpc dae ce wkcbhietudlen sukdeheesceusantedaex anion adioes 
bE Vb esinspvaands snntrsineartsases yes Sessiecasasecpiassesenaeey pessuae 
Collective, each main engine.............::scssee ceeeeees 
DOCH WIRE CHAINED. .....03. iccccsocesescescposvoses 
IN Bihar as corp asnuitcncs ss leva vane’ backvaninacesaesvele 
CE, SI 5 ons issdsnccencesacecatecesivacneete ipthebchess \ 
I iittachesks cetveiiccseetssnce bececksacceectancenssescess 
Blowers (estimated ).......00....-sscesesseee seoccesseseeceeserees 
Other auxiliaries SOMINIIINED cic daccnsoendasesnvebsccdesnennes 
SI Be III sds ins ws csvacesnacessosecerecsscvess 
all machinery in operation.............+..s0++5 
Indicated thrust, main engines only, pounds................:ccceccececeee seseeeees seneee 


per sq. ft. developed area of propeller (15 sq. ft.), pounds.. 

inch of thrust bearing (263.55 “4. inches), pounds.. 

Square feet of cooling surface in condenser per I.H.P......,..s0...cc++ceseseeeeeeees 
heating surface in boilers per I.H.P.............22. seeeseeees Machcesess 
I.H.P. per square foot of grate surface ....... jeep bnlind-eehaediennsiicinibnaqetesenuhiowesin 
Ne ee ccintachancientatserene ebaMiamitasnttbennpsels wedeibnacescess siebeeaineoinie teertiarints | 
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Official trial, Jan. 26, 1893. 
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U. &: &. ““Traaca.” 
Official trial, June 14, 1907. 
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19.2 , 
Georges Creek, mostly slack. 
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Plate 1.—STANDARDIZATION CURVE, U.S. S. ‘‘ITasca.”’ 
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Plate I11.—U. S. S. ‘‘ ITasca."’ 
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VENTILATING APPARATUS. 


In the engine room there was formerly a small steam-driven 
fan for ventilating the living quarters. This fan was removed 
and the air ducts connected to the forced-draft fan on the 
berth deck. 

OTHER AUXILIARIES. 

The steering engine is placed well aft, near the tilier and 
beneath the protective deck. It is of the Williamson type, 
with steam cylinders 6 inches by 6 inches. This engine was 
overhauled. The windlass engine, of the Providence type, 
was fitted with new brasses and operating valves. 


ELECTRIC PLANT. 


The electric plant consisted of two 4-kw. Thompson- 
Houston dynamos delivering current at a pressure of 80 volts. 
They were driven by Armington & Sims’ vertical engines 
at 500 revolutions per minute. Each engine had two cylin- 
ders, 5 inches diameter and 3 inches stroke. ‘These units 
being worn out, were removed. 

The new generating set is of the General Electric make. 
The generator has six poles and delivers 15 kw. at a pres- 
sure of 125 volts at the switchboard. ‘The engine is driven 
by a single steam cylinder, 8 inches diameter and 6 inches 
stroke. The set averaged 408 revolutions per minute on trial. 

The old wiring and fixtures were removed and entirely new 
systems installed. All wires are in metal conduits and most 
of the fixtures are steamtight. The vessel is fitted with 202 
sixteen-candlepower lamps, a telephotos, truck lights and a 
General Electric 18-inch searchlight. New general alarms 
and call bells were fitted throughout. 


THE TRIALS. 


On June 13, 1907, the dock trial was made and, everything 
working successfully, the standardization and four-hour trials 
were run on the following day. 

The vessel left the ship yard at 10°40 A. M. and made sev- 
eral runs over the measured mile off Newport News. The 











716 U. S. REVENUE CUTTER ITASCA. 


results checked exactly with the original standardization 
curves. 

The endurance trial, under forced draft, commenced at 1°00 
P. M. and ended at 5°00 P. M. There was a moderate beam 
sea and a fresh breeze. The course was from the Thimble 
Light off Old Point Comfort to the sea buoy off Cape Henry. 
The vessel was trimmed too much by the stern, and though 
the displacement was slightly less than on the original trial, 
the indicated horsepower for any given speed of the pro- 
pelling engines was from five to ten per cent. higher than on 
the original trial. The trial was successful in every way. 
The boilers steamed freely in spite of the fact that the coal 
was of very poor quality. The water level in the boilers was 
steady at all times. 

The main engines and auxiliaries performed in a satisfactory 

manner. No water was used on any of the bearings. The 
dynamo was in operation during the entire run. 
- The turns were made at full speed at each end of the course, 
both throttles being wide open for the entire four hours. 
Live steam was frequently admitted to the M.P. and L,.P. re- 
ceivers. On this account it is impossible to make a compar- 
ison, for steam consumption, between the vessel’s performance 
with the old and new cylinder ratios. 

The /tasca is now on a European cruise, and it is expected 
that sufficient data will have been obtained, by the time she 
returns, to make an interesting comparison. A synopsis of 
the vessel’s official trials of January 26, 1893, and June 14, 
1907, is appended, Table and Plate I. 
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THE TURBINE STEAMSHIP CAMDEN. 
DESCRIPTION AND TRIALS. 


By Ligut. A. F. H. YATEs, U. S. N., MEMBER. 


The Camden, built by the Bath Iron Works, Bath, Me., is 
one of two passenger ships contracted for by the Eastern 
Steamship Company for service between Boston, Mass., and 
Bangor, Me. The contract for the construction of the Cam- 
den was concluded June 1, 1906, and provided for the de- 
livery of the vessel on or before June 15, 1907, a bonus of 
$300 per day being allowed for delivery in advance of the 
date specified. The guaranteed speed of the vessel was an 
average of at least seventeen knots an hour on six double 
runs of the vessel over her passenger route. Owing to mar- 
ket conditions in the United States the fulfillment of the 
contract within the time specified would have been extremely 
doubtful had not contracts for the machinery, steel castings 
and steel drums been promptly placed in England. The 
principal steel castings and drums were delivered within five 
months ftom the date of the contract. 

The keel of the Camden was laid on July 19, 1906, the 
hull launched on February 14, 1907, the trials of the ma- 
chinery finished on May 23, 1907, and the vessel delivered on 
May 31, 1907. 

The machinery trials were held at Boothbay Harbor, Me., 
and were of particular interest, the Camden being one of the 
first vessels to be fitted in the United States with a Parsons 
turbine installation. The installation on the Camden is 
made up of one center and two wing turbines of about 4,000 
brake horsepower, making upwards of five hundred revolu- 
tions per minute. The center turbine is the high-pressure 
ahead turbine, and takes its steam direct from the boilers. 
The wing turbines are low-pressure and are run ahead on the 
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Plate JI. 
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(a) Frame for the following gauges: main steam pressure; starboard astern pressure; port astern 
pressure; starboard ahead pressure; port ahead pressure; starboard revolution indicator; center 
revolution indicator; port revolution indicator; vacuum, main condenser; clock. 

(6) Frame for the following gauges: auxiliary steam pressure ; auxiliary exhaust pressure ; steam 
heat; oil pressure; gland pressure. 
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exhaust steam from the center (high-pressure) turbine. No 
live steam is used in running the wing turbine ahead, the only 
steam admittance being through the thirteen-inch receiver 
pipes from the center turbine. The wing turbines are fitted 
with separate astern turbines, which, when in use, are run 
on live steam from the boilers. Although there is an aux- 
iliary condenser installed it is only used in part, the exhaust 
from the wing turbines and from all auxiliaries, when under 
way, being connected with the main condenser, which has a 
Parsons augmentor attached. 

An interesting feature of the installation is the method of 
controlling the pressure in the glands. Auxiliary exhaust 
steam is used entirely, and the pressure on the various glands 
(from 2 to 3 pounds) remains the samme, by reason of an equal- 
izing pipe which connects all of the glands. The amount of 
steam admitted is regulated by watching the vapor which 
leaks from the glands into the atmosphere, the regulating 
valve being so located that the man operating it can see all 
of the glands. 

Lubricating oil is pumped to the main bearings through a 
cooler, and drains back to the main oil tank. 

The following is a description of the vessel and machinery. 
Plates No. 1 and No. 2 show the arrangement of machinery 
in the engine room and on the overhead platform, respectively. 


HULL DATA. 

Load draught, forward, feet and inches.......... ....cccescesssesescessesseeees 9-04 
ee I titirnsicecaintstncknassiraniecenesessnccieonse 9-54 

Displacement on load draught, toms.......00..sccscssssscsssecceseesescecenees 1,824 
I i iiciins sucvccéedncen satabisnesaverdeoses 1,824 

OE SUNN EB cig MII ssinsc sicecciccincenss codsos cosativeséocs 22 

TREES CREE GTR, FORE BING IE vercsnnttivcscccccescncse ctensvessoicssessscvenies 335-4 
RE Tie, WE Eee g BOE GEE GD oeccs. cccdrioweccccctsccsvecscctscoscenecens 30RD 

Beam over guards, feet and inches. ............000ccccccccocscccesccsceesccocess 54-2 
SP Rr Oe cts NE NN Ire vase Sass cscta desiacsecdceaeernececdscceuseds 40-08% 
ie i Zo uss ind pacaapabieeeaabonsionnads 40-0 

Rete Ty, Wn SRG, CURE CO sicii entices sib pitted coecneinstbssesneseecescieis 9,200 

COBSTEY GE GORE HHIROE, BOING ooscscsenconscecsesscess cesasccnscsssnnonsiseeseas> 200 
engine-room feed tanks, tons .......00sccccsrsscscsersscsscseeees 4 


reserve feed water compartments, toms ...............0-.00++ 
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MAIN ENGINE DATA. 










Diameter of starboard L.P. rotor, imches.............0.-.:0sseevsesesceeecees 58 
nn TE CN IR sole kitd clspeiSksinngthbtgdendicns 41 
port LP. rotor, inches .........cecccseseee. cosesecsevcceevcescceresees 58 
DRO: CONE TTD ogc ists tsinisi ks cavscnssicerereensecbeadovasyeninton 47 
‘ No. of expansions, starboard rotor...........ssee.ssesrsscescevcsecssecsscescoess 8 
’ CREE SHIN Bias bccn ehibninde eddinisicetechcabetle aiden 4 
ODE PON, seek srotsanscbinssscencibecnteecasalesioens bnineds 8 
ASCETM TOCOL 00000 ccoee- secececcccss soccen sosces eseses ecccee ese 4 
Total intended brake horsepowe’..............s+s0+ sessesesses Revvnsacccsctovess 4,000 
: Expected mean speed, knots............+.sse00seeee ecsvasescssbeevesenae iezbnnbe 17 
SHAFTING AND BEARINGS. 
Line shaft, center, steel, 106 feet long, solid, diameter, inches....... 6 
wing, steel, 64 feet long, solid, diameter, iiches........... 6 
Propeller shaft, center, steel, 16 feet long, solid, diameter, inches.. 64 
wing, steel, 36 feet long, solid, diameter, inches.... 64 
Collars on shaft : 
IE si vg ccc licks dnc in dodens estas corsiivebdéncbesicpntinetekestssevaphnadaieee 16 
I, SIR ciiiivc sen scinecctonticensikcciessicensneransetanmaneiein pare ene of 
Space between, Ich ....ceccsrescsoccsceesssccsscese cocececssoceses oes sedoosooeees of 
yi Cs TR: ios ost eeecisdccnsi cians atbek esi tibsabetticicienns 10 
‘ SRS: GAGE, IE eckivcenneketisisniscibisccibhihinkii diccnsinses 64 
TRE GIR: I ssicseceiscitnsecniiicetiicitcdiskhgedabeecaetints 16 
effective thrust surface, square inches...top, 287; bottom, 290 
Line shaft bearings : 4 starboard, 4 port, 5 center ; length, each, ins. 9 
Stern-tube bearings, forward and after, length, each, inches......... 36 
After stent bansingy, lomatte, MAIOG oc. dsccs scsi. abc dcesicthiescdosesseseses 36 
CONDENSER AND FEED HEATER DATA. 
One main surface condenser, surface, square feet............c0sssseseeee 4,481 
auxiliary condenser, cooling surface, square feet..........ssssesee 140 
augmenter condenser, cooling surface, square feet.............+++ 135 
pressure condenser (auxiliary exhaust), cooling surface, sq. ft. 321 
oil cooler, condenser type, cooling surface, square feet.. ........ 132 
PROPELLER DATA. 
Three solid Hyde manganese-bronze : 
RN MF ath rede aha tcedincinidagiessccsssadercondandettnxainecenetadeiann 3 
Tobey, TORE WN OR a5 soins cio cnchacewokcdcedicccccdoccacdpebvce coacee 5-00 
q PO, FIG CU I aii hi ide cise insbitiich sidieatics cthibenkbibaieatite 4-06 
: ROU: S CIN, CM TIE sivsisccsesnsnsnictssrv'incatansssocniiaitmsieidticces 8.8 | 
Thelicoidal, sqmete TOlt....0.:.cpcss0sceccscccsccees sosers covccsegneoesoes 10 
Height of lower tip of blade above keel, inches..............seseesse0+ 18 


Immersion of upper tip of blade, inches..............scecsessessseeeeserees 
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BOILER DATA. 


Four three-furnace, Scotch boilers, 45-inch Morison furnaces : 


Designed working pressure, POunds.,............sesecseseeecesseseeeceeceeees 150.0 
PE BI, OI rraicsestn nettnnarnccntncestapiadidonianisateebiatindapbike 225.0 
Ns I TO cinta reeeenncimntnnaaailiihaliaediennaiapideubieddaieth I to 44.3 
reel, TIE, BORE GE TINO iene eis csc sbsdasinenicesinertssepestnnaditiintl 5-8 
width (total width one boiler), feet and inches.............. 11-3 
Diameter of boilers, feet and inches............ccccccccerceeceseceee seeesees 14-6 
Length of boilers, feet and inches.......... .....cscccscoecscceg csscesceers 12-0} 
Grate surface one boiler, square feet...................sececccesescsesceeee 64.0 
Some Dotlens, eamate Catt... .c.ncessscesses cssccosnsece session 256.0 
Heating surface, one boiler, square feet...........s0.sseeee-cseeeseeeeeeee 2,835-0 
four boilers, square feet...............sccsssccceseseeeee I1,340.0 
Boiler tubes of lapwelded charcoal iron, 24 inches outside diam- 
Gtee, TateEe, TORE TIRE MIND cess cncctccsinsccstccvncsceavsesescscccecsse 8-74 
Ellis and Eaves’ induced draft : 
Height of smoke pipes above grates, feet..............s0sssesescseeseeeees 60 
TU GE Ce Fy I nein s cnncaccen cesescsipe reccenptevessosnceces 28.0 


DATA OF PUMPS AND AUXILIARY ENGINES. 


F Steam < Water x Stroke. 
1 Main air......... Blake vert. turn beam, independent.... 12 25 Xx 18 


el i ri Cent., two 12-in. suction, one 16- \ P 
“ij Lin. disch., Bath Iron Wks. Engine, 
2 Main feed....... Blake horizontal duplex................. ... a. xX. 46-%.% 
4 Boiler circ...... Blake horizontal duplex..................... 44 * 2%x& 4 
2 Oil pumps...... Blake horizontal duplex..................66 <x 4 
1 Donkey F. & B. Blake horizontal duplex.................0++ so XK GX 10 
I Sanitary......... Blake horizontal duplex..................+ & x 2x: s 
1 Aux. cond...... Blake combined air and circ... .......... 54+ * 6 XK 7 
I Donkey feed. .Blake horizontal duplex..................0++ ax @x< 4 
1 Fresh water....Blake horizontal simplex.......... ......+ : 2 a 2 ae 


2 Dynamo engines, 35 kw., General Electric, turbo generators, Curtis. 
2 Forced-draft blowers, 84-inch diameter fans, 17-inch face, 5 inch * 5 inch, 
Bath Iron Works Engine. 


On the morning of May 23, 1907, at 9 o’clock, the Camden 
left the dock at the Bath Iron Works, Bath, Me., and pro- 
ceeded to the trial grounds at Boothbay Harbor, Me. Four 
standardization runs were held over the measured mile, under 
natural draft, followed by two runs under forced draft. At 
the conclusion of these runs a two-hour run was held under 
forced draft. The vessel then returned to Bath, Me., and 
secured at the dock at 3°30 P. M. During the first hour of 
this latter run a grinding noise was heard for several seconds. 
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This was attributed to the astern dummy in the port low- 
pressure turbine. The turbines were slowed down and worked 
up again gradually and the noise ceased. The turbines con- 
tinued to run smoothly during the remainder of the run, and 
it was concluded that no injury had resulted. This conclu- 
sion was borne out several days later when the turbine casing 
was lifted and a thorough examination made. Aside from 
this occurrence, the machinery worked most satisfactorily 
throughout all of the runs. No vibration was noticed in the 
shaft alley. 

The two-hour run was primarily for determining the coal 
consumption, but, owing to the fact that the turbines had 
to be slowed down, the data secured were unreliable and 
are not noted herein. The brake horsepower was determined 
through the use of a Denny & Johnson torsion meter. 

The data were secured during the vessel’s trials. 

Plate No. 3 shows a revolution and horsepower curve pre- 
pared from the above data. 

At the conclusion of the trial the telegraph was thrown 


from full ahead to full astern. The time consumed in oper- 
ating the turbines was inappreciable. The vessel came to a 
dead stop in two minutes and thirty-four seconds. 
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MODERN ARMOR AND ARMOR-PIERCING 
PROJECTILES. 


By LirvuT. H. J. Jones, A. R. C. Sc. (Lond.), A. O. D., 
INSPECTOR OF ORDNANCE MACHINERY. 


The problem of armor and armor-piercing projectiles is one 
of the most interesting and complex in the study of ballistics. 
Its peculiar difficulty lies in the fact that information con- 
cerning the curious phenomena that have from time to time 
been recorded has been information of a more or less qual- 
itative kind, obtained under conditions of great dissimilarity, 
when the observation of the particular facts recorded was not 
the object for which the experiments were primarily devised. 
Organized trials of standard plates under standard conditions 
would involve such expense that private firms can hardly be 
expected to undertake them, and, as a consequence, most of 
our information concerning the behavior of armor under at- 
tack has been obtained from proof trials for acceptance or 
premium, and, naturally, under these circumstances the com- 
mercial aspect has predominated. 

It thus comes about that our knowledge of this important 
branch of ballistics is confined to general comprehensive state- 
ments which simply indicate the tendency of a series of 
isolated observations. So long as the materials and processes 
are more or less secret and confidential, and the value of a 
plate is determined by its ability to cope with a special class 
of projectiles, so long must any solution of the problem of 
armor and projectiles be merely tentative and unsatisfactory. 
Nevertheless, there are certain aspects of the subject of which 
it may be useful to define the general scope and character, 
although from the gunner’s point of view they may not ap- 
pear to be intrinsically the most significant. 
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ARMOR PLATES. 


Modern armor is universally made of one or other of the 
ferro-alloys, usually nickel-chrome, low in carbon, with a small 
percentage of manganese, tungsten, &c.; the proportions are 
usually considered a trade secret, and in all probability vary 
with the thickness of the plate. A good average Krupp plate 
contains 3} per cent. nickel, 1} per cent. chromium, ,3; per 
cent. carbon, and ;4, per cent. manganese. The plates may 
be cast, up to 6 inches or 7 inches in thickness, or forged ; 
and they may be cemented or non-cemented. Cementation 
results from a superficial carburization, which enables a glass- 
hard face to be obtained without in any way affecting the 
tough qualities of the remainder of the plate. This effect is 
produced by subjecting the face to a temperature suitable for 
the solution of carbon placed in contact with it, the subse- 
quent tempering permitting the production of a surface of any 
degree of hardness. The depth to which the cementation has 
effect depends upon the composition of the plate, its tempera- 
ture, the time of exposure and the nature of the carburizing 
process. ‘The solid carbon process of Harvey, which gave a 
face composition of as much as ;4 to 38; per cent. of carbon, 
consisted in covering the furnace base by a few inches of sand 
before the plate was laid on it. The upper face of the plate 
was then covered with a mixture of animal and vegetable 
charcoal about a foot in thickness, over which a covering of 
tiles was put, the doors of the furnace being then bricked up 
and a high temperature maintained for many days. 

The modern method of Krupp consists in keeping ordinary 
illuminating gas or petroleum vapor under pressure in contact 
with the heated plate, a process that was covered by Thwaite’s 
English patent in 1893, and said to possess the advantages of 
more uniform and definite action, combined with lower tem- 
perature, shorter time and reduced cost.' In general the 
cementing materials belong to three classes—those acting by 
the formation of carbonic oxide, those acting by means of a 





1Castner. ‘‘ Stahl und Eisen,” September, 1895. 
Edwards. ‘ Armor Plate.” British Association, August, 1906. 
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cyanide and those employing hydrocarbons. Experiments 
made with pure carbon in a vacuum have demonstrated that 
no cementation takes place unless air is present and carbonic 
oxide formed. In the case of the cyanide there is simple de- 
composition, in which the carbon is liberated to be dissolved 
in the steel; while, when hydrocarbons are employed in the 
form of illuminating gas, petroleum vapor, &c., the carbon is 
released by dissociation.” The chemical and structural changes 
effected by cementation have been studied by Arnold ;* and 
Charpy has published a most complete account of some quan- 
titative researches on the cementation of steel with different 
carburizing materials in electric furnaces at definite tem- 
peratures.‘ 

Cementation seems to be at its best for about a 6-inch plate, 
the skin effect, after the differential heat treatment, extend- 
ing to about 2 inches, and the 2 to 1 proportion between 
tough back and hard face represents good practice. It has 
been found necessary that the steel for cemented and water- 
hardened face armor must be much more carefully selected 
and treated than was that for the early chilled-steel armor ; 
and it is eminently necessary that the plate should gradu- 
ally grade from the face quality to the back quality, other- 
wise under attack the hard skin flakes off or cracks in much 
the same way as did the old compound plates. Most makers 
object to the cementation of thin plates, the general experience 
being that, unless the plate is small and flat, cementation is 
not a success, warping and cracking of the plate being un- 
avoidable. Krupp, however, professes to have solved the 
problem of manufacturing thin curved plates possessing all the 
features of Kruppized armor, as they are used, for instance, 
in the turret bases of cruisers.° Below 4-inch or 5-inch, which 
is usually considered to be the limit of cemented armor, the 





2Guillet. ‘* La Cementation des Aciers au Carbone et des Aciers Speciaux.”” Societé des Inge- 
nieurs Civils de France, February, 1904. 
“Nouvelles Recherches sur la Cementation des Aciers au Carbone et des Aciers Speciaux.” 
sie Gane Rendus,”’ June, 1904. 


Arnold. * Micro- chemistry of Cementation.” “ Proceedings,” Iron and Steel Institute, Aug- 
ust, 1898. 
i Diffusion of Elements in Iron.’ “ Proceedings, *? Tron and Steel Institute, May, 1899. 
_*Charpy. ‘‘ Surla Cementation du ee. Comptes Rendus,’’ April, 1903. 


‘Krupp. ‘‘ The Engineer,” January 31st, 1902. 
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Charpy high-nickel cemented plates appear to be the best, as 
they can be made down to about 1 inch in thickness, and are 
thus of great value for destroyers and the shields of light 
Q.F. guns.° Usually the 5-inch limit of cemented plates 
marks the limit for non-cemented plates, the treatment of 
which is identical with that of the ordinary cemented plate, 
excepting that there is no superficial treatment, and the plate 
retains a tough quality throughout. We appear to be the 
only people to make non-cemented armor for ordinary pur- 
poses. Within recent years both Krupp and Hadfield have 
successfully produced cast-steel armor up to 6-inch and 7-inch 
in thickness, with a factor of merit approaching 2; this 
nature of armor seems particularly suitable for ammunition 
tubes, gun shields, &c. 

The manufacture of a modern cemented plate involves a 
large number of costly processes, and a series of special heat 
treatments.’ The steel ingots weighing from 60 to 100 tons 
are made in open-hearth furnaces, with either acid or basic 
linings, and chemical analyses are made to ensure the compo- 
sition of the steel being within the limits laid down by prac- 
tice. The most important point in the subsequent treatment 
of the ingot is the limited range of temperature at which it is 
possible to get satisfactory results, for the nickel-chrome alloy 
as forged may, by suitable heat treatment, have its tenacity 
increased from 40 to go per cent., and its ductility from 8 to 
30 per cent., &c.® For armor plate reheating the temperature 
must be known to within ro degrees or 20 degrees centigrade, 
and one of the simplest foundry methods of temperature 
measurement by an iron ball and water calorimeter appears 
to afford sufficiently accurate indications for practical pur- 
poses.’ For a comparison of the value of various pyrometric 
instruments for industrial purposes reference may be made 
to the works of Le Chatelier, to a discussion at the Iron and 
Steel Institute,” and to a paper by Whipple." 


*T residder. “ Brassey’s Annual,”’ 1g05. Pp. 366- 


371. 
"Johns. “‘The Production and Thermal Poconos of Steel in Large Masses.” ‘‘ Proceed- 
ings,’’ Jron and Steel Institute, 1903. 
® Hadfield. Presidential Address. “ Proceedings,”’ Iron and ogg Institute, 1905. 
®Gledhill. ‘* Proceedings,” Iron and Steel Institute, May, 190. 
1°K xhibition of Pyrometers. ‘‘ Proceedings,” Iron ‘and Mtoe! fastitute, May, 1904. 
12Whipple. ‘“ Pyrometrics for Industrial Purposes.”’ Cleveland Institution of Engineers, De- 


<cember 5th, 1904. 
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The steel ingot is left in the molds, but is not allowed to 
get cold, it being removed to a forge, and heated by gas for 
many hours. It is then forged, sometimes at the rolling mills, 
sometimes under a press, and sometimes partly at the rolls 
and partly at the press. The correct temperature for work- 
ing the metal at the rolling mills is secured by the use of 
pyrometers; micro tests and cooling curves are made, and 
the critical points determined in the laboratory. When 
roughly forged the ingot goes back to the reheating furnace 
for several hours, after which it is rolled roughly to dimen- 
sions. ‘The plate is then supported on knife edges, some feet 
above the ground, so as to admit of a free supply of air, and 
when the plate has cooled to a certain temperature it is put 
into a special low-temperature furnace, after which it is soft- 
ened by immersion in water. Pneumatic scaling hammers 
then remove the scale and the plate is machined, the surface 
being carefully examined for cracks. The plate is then taken 
to the cementing furnace, and when in pairs the carburizing 
medium is sandwiched between them. The time during 
which the plate is undergoing cementation varies from two 
to three weeks, and pyrometric records are either taken at 
frequent intervals of about 15 minutes, or an automatic ar- 
rangement is used which rings a bell when the temperature 
falls too low. When the process is complete the gas is shut 
off and the furnace allowed to cool for another week, after 
which the plate is reheated and plunged into rape or other 
oil to harden, the time of the last reheat being deterinined by 
the size, weight and thickness of the plate. The plate is 
again heated and plunged into a circulating cooling solution, 
after which it goes to the presses and is bent to the molds, 
the latter having been taken directly from the ship, or, in the 
latest practice, from the ship’s drawings.” The plate is again 
heated, immersed, and allowed to cool. It is then sent to the 
machine shops and finished to size. When the final differen- 
tial heat treatment of the cemented plate has taken place, the 
face is so hard that, without special local treatment, holes 


12 White. ‘‘Modern Warship.” Cantor Lectures. Society of Arts, 1906. 





















MODERN ARMOR AND ARMOR-PIERCING PROJECTILES. 


731 


cannot be drilled or tapped. To overcome this difficulty, it 
has been usual either to protect the surface of the plate during 
cementation in places where holes wete likely to be required, 
or else to make accurate drawings and patterns, and to do all 
work on the plate before the final hardening. The first 
method is attended by the difficulties arising from errors in 
the foundry and the drawing office, and also that no certain 
means of protecting patches of the plate has been discovered, 
The second method, although slow and costly, is common in 
this country, the plate being bored, tapped and countersunk, 
and the holes filled with clay, before the plate is hardened. 
Attempts have also been made locally to anneal the plate by 
means of the blow pipe or electric arc, but without conspicu- 
ous success. In America, and to some extent in this country 
and Germany, electric annealing currents are passed through 
the plate by pressing two copper contacts, cooled by circu- 
lating water, against the plate, and this method has also had 
successful application to the softening of strips of metal for 
the removal of slots for sights." 

The plate, having been finally prepared, now undergoes 
what is known as the differential heat treatment, in which 
the face is raised to a higher temperature than the back, so 
that, whilst on sudden cooling the face is rendered glass-hard, 
the back retains its essential characteristics of toughness. 
The plate then goes back to the machine shops, and the sur- 
face curves are tested to see whether they correspond with the 
molds. If the plate has warped it is reheated, and the dif- 
ferential heat treatment repeated after the requisite bending. 
As a tule, it is possible slightly to flatten hardened cemented 
plates of moderate thickness by compression of the face, but 
bending, which puts the face in tension, almost always results 
in cracking. Any work that has to be done on the plate 
after the final heat is performed by grinding or disc cutting. 
Bending and tensile tests are usually carried out on specimens 
cut from the plate, and in the best practice some modification 
of Brinell’s impression test, the Borba and Frémont drop test, 





13Semp. ‘‘Local Annealing of Hard-Faced Armor Plates.’’ American Institution of Electrical 
Engineers, 1896. 
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and vibratory tests on a duplex vibratory machine are also 
made. 

The manufacture of cast armor is now in a highly efficient 
state. The metal is cast in a mold so formed as to produce 
a plate with a face having ridges and channels. The hot 
casting is removed to a special furnace, and allowed to cool 
slowly to prevent initial strains, after which the sand is 
removed and the casting carefully cleaned. It is then placed 
in a furnace, and upon the corrugated surface a carbonaceous 
composition is placed to a thickness of several inches, the 
furnace being raised to a temperature between goo degrees 
and 1,100 degrees centigrade, which is maintained for several 
days. The plate is then allowed gradually to cool. The 
plate is again reheated and cooled four or five times, with a 
gradual reduction of the temperature to which it is reheated, 
and at the final heating the plate is dipped or sprayed with 
oil or water, according to the hardness required, so that the 
corrugated face, being hotter than the back, will become 
hard, while the back remains soft and tough." 

The fitting and erection of naval armor involves several 
operations of considerable technical interest. As an illustra- 
tion of modern practice we may take a recent “ first-class” 
battleship, the typical particulars of the armor and armament 
being as follows :” 


ARMOR. 
ee ones eee ae ee 9 
Deck, inches, . or Cc wee 
Side above belt, inches, ed es. koe oe a 
Bulkhead, inches, ceva oe terra te! ce 12 
Heavy-gun positions, inches, Vier’ & aes 
Secondary-gun positions, inches, i ter ae 7 
ARMAMENT. 


Four 12-inch, four 9.2-inch, ten 6-inch, twenty-eight small 
guns. 

The latest practice is to carry the side armor throughout 
the length of the ship, but to reduce the thickness to 2-inch 


14 Hadfield British Patent No. 17,174, 1905. ‘‘ The Engineer,” ‘‘ Armor Plates,’”’ January sth, 


16 «6 Brassey’s Annual,”’ 1905, page 235. 
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on bows and stern, this thin armor being riveted directly to 
plating and carrying no backing behind it. The armor bolts 
. are of mild steel, Fig. 1, the number used being one bolt for 
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A = Section through armor bolt. 
B = Disposition of bolts in plate, 14} feet by 6} feet. 


Fig. 1.—ATTACHMENT OF ARMOR TO SHIPS. 


every 7 square feet of plate. The usual dimensions, &c., of 
armor bolts are as follows: 


480 | 400 | 360 | 320 | 280 | 240 | 200 | 160 


Pinte. Ibs. | Ibs. ibs. | ibs. | Ibs. | Ibs. | Ibs. | Ibs. 
Diameter of shoulder of bolt 
at CUP WASHET.......0000.<000000- 4 3% 34 34 |3 «=| 2B | 2¢ 23 
-§- Depth of hole in plate.. ........ 34 | 3re | 3t | 24% | 244 | 28 | 273 | 14 
Depth of bolt in plate........... 3t 3 24 24 | 2+ 2 1% 1} 


N.B.—The weight of one square foot of armor plate, t-inch in thickness, 
is taken to be 4o pounds. 
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The bolts are made watertight where they pass through 
the skin plating, and are reduced in the center of their length 
to increase the resilience and to render them less liable to 
break under impact. The sleeves aré fitted merely to fill up 
the length of the bolt before placing the nut on, and care is 
taken to get the lower row of side-armor bolts as near the 
lower edge as possible. The armor itself is not made water- 
tight, and water finds its way between the armor and the 
backing. 

The backing is East Indian teak, worked longitudinally on 
the ship’s side. Behind the 360-pound armor it is 4 inches 
thick and tapers to about 2 inches behind the thinner armor. 

The backing is worked in such thicknesses that the outer 
surface of the armor is flush, viz: 4 inches behind the 360- 
pound armor and 6 inches behind the 280-pound armor. 

The plating is in two thicknesses of 17}-pound plate behind 
the 360-pound, 320-pound and 280-pound armor, and two 
thicknesses of 15-pound plate behind the 200-pound and 160- 
pound armor, each thickness serving as butt straps and edge 
strips to the other. In the most recent practice only one 
thickness of 30-pound plating is used, the butt straps and edge 
strips being worked on the outside of the ship. The edges 
and butts of the plating are planed and accurately fitted, being 
riveted with countersunk points. The plating is connected 
to the middle deck bya single angle bar 44 by 43 by 18 
pounds, and to the main deck by a 4 by 4 by 13-pound angle. 

The frames behind the heavy armor consist of two angle 
bars 10 by 3$ by 20-pound, and behind the thin armor the 
frames are 10 by 3} by 24-pound down to 6 by 3 by 15-pound. 
The heavy frames are spaced about 2-foot centers, and the 
others at 3-foot centers. Two horizontal girders are worked 
between the frames intercostally. The plating is made water- 
tight by calking the edges and butts, and the faying surfaces 
are coated with red-lead paint. When armor-bolt holes are 
cut out, the edges between the two plates are also calked, 
every effort being made to ensure the plating being water- 
tight, irrespective of the armor and the backing. Red lead 
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is injected by means of a force pump between the backing 
and the plating. The outside of the backing and the inside 
of the armor is thickly coated with a stiff mixture of white 
and red lead before the plate is put on, and after the plate has 
been secured a thin mixture of the same materials is then 
injected. 

Armor for coast-defence ordnance has quite a different char- 
acter to that for naval purposes. Land-service shields usually 
have curved inclined fronts, and are supported by curved 
stays bolted to the sides of the carriage. Considering the 
small clearances allowed, these stays do not appear to possess 
adequate stiffness to prevent the shield setting back on im- 
pact and jamming the gears, particularly so when we remem- 
ber that high-sighted guns are always under oblique attack, 
and that under these circumstances the work of impact is 
mainly the work of distortion or displacement of the shield. 
This aspect of the matter, with special reference to the box- 
like structure of naval casemates, seems only to have been 
considered in the French service. The shields contain open- 
ings for the gun and sights, and are either in one piece, or 
in two pieces let into one another at the front and bolted 
together by a thick plate on the inside. 


ARMOR-PIERCING PROJECTILES. 


Modern armor-piercing projectiles are made from a nickel- 
chrome ferro alloy, and are either cast or forged. Hadfield 
has given the following proportions of elements, other than 
iron, as being typical for air-hardened projectiles. Carbon, 
.8 per cent. ; silica, .2 per cent.; sulphur, .04 per cent. ; phos- 
phorus, .04 per cent.; manganese, ’.12 per cent.; nickel, 2 
per cent. ; and chromium, 2 per cent." The ingots for forged 
armor-piercing projectiles are usually made so that two pro- 
jectiles can be obtained from one ingot, and the treatment of 
the ingot is somewhat similar to that adopted for the ordinary 
nickel-chrome plate. The ingots are not allowed to cool, but 


16 Hadfield. British Patent No. 6089. 1901. 
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are reheated and forged hydraulically. The forging is reduced 
roughly to finished size, the points being formed between 
swages, after which the projectiles are slowly reheated and 
annealed." Armor-piercing shells have their cavities formed 
by punches and dies, and in the case of shells, such as the 
American, the base is closed by a plug screwed into the walls, 
which are not upset. In our service the base is continuous 
with the walls, and is closed by a base plug, the internal 
cavity being first punched or pressed, and the walls upset in 
a die when the ends only are hot. The cast-steel projectiles 
are cast point downwards, the body and dead head being in a 
sand mold, and the nose, or part of it, in a cast-iron chill. The 
mold is first dried and the chill coated with a carbonaceous 
composition, the core being carried on a spindle in the usual 
way. After casting, the shells are placed in an annealing 
oven, at about 1,400 degrees Fahrenheit, for a day or so, several 
castings being annealed at the same time. The shells are 
then machined, the dead head cut off and the cavity trimmed, 
the ogival head being either cut or ground to the correct 
radius. In our service the radius of the head is 2 calibers, 


corresponding to a nose angle of 2 tan™ = or 83 degrees— 


12 minutes for all shot and shell. In America the 12-inch 
A.P. shot has a radius of head 24.18 inches, the 12-inch light 
shell 18.00 inches and the 12-inch heavy shell 18.075 inches." 
A similar variation in practice obtains in other countries. 

(In all probability this matter needs revision. The orig- 
inal series of experiments to determine the best shape of head 
for this class of projectile were carried out at the low striking 
velocity 1,500-foot seconds, against unbacked wrought-iron 
14—12-inch plates, and unbacked 12—10-inch compound 
plates.” In each case the order of merit was assigned ac- 
cording to the depth of the indent made, a method which 
would be entirely unsuitable for modern hard-faced Krupp or 


17 Carnegie. ‘‘ Armor-piercing Projectiles.”” ‘‘ Proceedings,” I. C. E., February, 1903. 
18 The Engineer,” ‘‘ American Armor-piercing Projectiles,’ November roth, 1897. 
2®Cunhill, “‘ Experiments with Armor-piercing Projectiles,’’ ‘‘ Proceedings,’’ RK. A. Inst., Vol. 


XI, No. 7. 
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Terni plates. From the results of experiments on hardened 
steel plates by dropping heavily-loaded punches on them, I 
find the more highly elastic the plate the more blunt should 
be the nose, particularly for oblique impact. Furthermore, 
when the plate is defeated by what is generally called “ boring 
action,” I find the diameter of the punch relative to the 
thickness of the plate to be a deciding factor; whereas, when 
the plate is defeated by a smashing action, I find the angle of 
the nose and the diameter of the punch to be unimportant, 
the velocity rather than the weight appearing to decide the 
result ; that is to say, a certain increase in the weight of the 
punch is less effective than the same percentage increase in 
the striking velocity.) 

The head having been brought to the correct radius the 
base is then trimmed, bored and screwed, the groove for the 
driving band turned, and the projectile made ready to receive 
its cap. It is then brought to the correct weight, examined 
and hardened, after which it is ground to gauge, if necessary. 

The method adopted for hardening projectiles varies in 
much the same way as the method for plates. Besides heat 
treatment, even cementation of the head has been carried out, 
the nose being afterwards tempered by cooling in oil. One 
method of hardening consists in heating che projectile, sus- 
pended point downwards, in a furnace, the point and shoulder 
being raised to a hardening temperature, whilst the point 
itself is protected from the direct action of the heat. The 
projectile is then removed to a hardening tank, and a cooling 
medium circulated under high pressure throughout the cavity, 
the projectile being afterwards completely immersed.” At 
Terre Noire the projectiles are oil hardened, the quality of 
the steel differing in different shells, being hardest in the 
largest calibers. The St. Chamond projectiles, generally of 
crucible steel, are heated to a cherry red, and gradually 
plunged into an oil bath until cold; but in some cases the 
projectile is plunged, for about eight or ten minutes, only up 
to the front band, after which it is completely immersed until 





2° Hadfield, American Patent, May 27th, 1898. 
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cold. Armor-piercing projectiles manufactured at the Tou- 
bia Arsenal used to be heated in an upright gas furnace to a 
temperature between 780 degrees and 800 degrees centigrade ; 
they were then transferred to an iron tank, and a jet of oil 
under a pressure of half an atmosphere acted on the point of 
the projectile until the tank was full, the capacity of the tank 
being sufficient to hold a weight of oil equal to ten times the 
weight of the projectiles. The method subsequently adopted 
for quick-firing armor-piercing projectiles was to heat them to 
about 740 degrees centigrade, and then plunge them into a 
bath of oil at about 24 degrees centigrade. They were then 
hardened again at the point, a jet of water being played on 
the inside and outside. The caps were also hardened, the 
top being heated to a bright red heat and the cap then 
plunged into water.” Air hardening, as introduced by Had- 
field, is effected by directing a cold blast on the inside and 
outside of the projectile, which is raised to a higher tempera- 
ture than when cooled by oil or water. 

To test for dangerous initial strains the shells are kept for 
about three months, if possible, and some of them, after hav- 
ing been immersed in hot water up to the driving band, are 
plung.d into cold water at least 130 degrees Fahrenheit 
lower than the temperature of the hot water. In America, 
before acceptance for ballistic tests, the projectiles are cooled 
to about 4o degrees Fahrenheit, and then suddenly plunged 
into a bath of water at from 180 degrees to 212 degrees Fah- 
renheit. When thoroughly heated, each projectile 1s plunged, 
with its axis horizontal, half-way into a bath of water at a 
temperature not greater than 4o degrees Fahrenheit, and after 
a brief period the projectile is turned over for a like immer- 
sion of the opposite side. The projectile is then removed 
from the bath, and tested under a hydraulic pressure of 500 
pounds per square inch.” 

With regard to the design of armor-piercing projectiles, 


21 Nazro, ‘‘ Modern Mechanism.”” Macmillan & Co., 1899. 

22 Cubillo, ‘‘ Armor-piercing Projectiles’’ (Correspondence). ‘‘ Proceedings,’’ I. C. E., Febru- 
ary, 1903. 

aaee he Engineer.”’ ‘‘ American-Armor-piercing Projectiles,’’ November 19th, 1897. 
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the general practice is to put no restriction either on the ma- 
terial or the method of manufacture, the projectiles being 
accepted solely on the ballistic and other tests. The weight, 
form of head, maximum length, diameter over band, size and 
shape of driving band, are usually specified for armor-piercing 
shot ; but shape, size, position of cavity and means of closing 
the base, are left to the manufacturer. In the case of armor- 
piercing shells the minimum capacity and minimum thick- 
ness of walls are also supplied. 

A method by which the thickness of the base of a shell 
can be checked has recently been published, but it rests on 
the altogether artificial assumption that the base of the shell 
will tend to fail by shear along a cylindrical section parallel 
with the walls.“ This, of course, the base will not do. The 
minimum thickness of the base to carry the powder pressure 
can be determined on the assumption that the base will be- 
have as a plate, fixed at its edges, under,a uniformly distrib- 
uted load; then @ being the diameter of the shot, A the 
maximum pressure on the base, and / the safe tensile stress, 
in the usual units, the thickness ¢ is given by 
_a@ [@p 

3W 3f 
When the base is closed by a screwed plug it has to be en- 
sured that the load on the plug can be carried by the shear 
strength of the thread. The usual thickness of base is con- 
siderably greater than that necessary to prevent fracture on 
firing ; actual bases probably have a factor of safety of from 
5 to 7. 

The minimum thickness of the walls of an armor-piercing 
shell to prevent “setting-up” in the gun is much less than 
that necessary to prevent “setting-up” when striking a plate. 
The former can be calculated, but there is absolutely no the- 
oretical guidance applicable to the determination of the latter. 
The minimum thickness of our armor-piercing shells closely 
follows a rule— 


is 


¢ = .144d + .084, 


“24 Freeth, *« Journal of the R. A.,’’ December, 1905. 
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d being the caliber and ¢ the minimum thickness in inches. 
American shells follow a rule— 

t= .19@ + .03, 
and from the particulars available of French and German 
shells, the general practice appears to be to make ¢ from one- 
fifth to one-seventh the caliber. 

The simplest way to design a shell when the caliber, thick- 
ness of base, and minimum thickness of the walls has been 
decided, is to draw a section of the shell to a conveniently 
large scale, preferably on squared paper, and, assuming a prob- 
able shape of cavity, to determine graphically the weight of 
the shell, capacity of the cavity and position of center of 
gravity. A little experience enables one to adjust the shape 
of the cavity to bring the shell within the specified limits of 
weight, capacity, &c. 

The factors affecting weight and proportion of projectiles 
do not generally permit of exact definition, but as a working 
rule we may take it that for service armor-piercing projec- 
tiles, the weight in pounds and the caliber in inches are con- 
nected by a rule, such as— 

3 w= Qe. 

The tests of armor-piercing projectiles consist in firing 
them at certain velocities against a specified type of plate, the 
target being sometimes completed by a suitable thickness of 
backing and one or more skin plates. In the case of Ameri- 
can armor-piercing shots, two are fired normally at a r}-cal- 
iber plate, with velocity sufficient to carry them through the 
plate and backing. The acceptance of the lot depends on 
both shot getting through without cracks or deformation. 
An alternative test specifies that the shot must go through, 
whole or broken, 1 caliber of hard-faced plate at about 1,900 
feet per second.” 

CAPS. 

About 1877, at Shoeburyness, a Palliser shot was fired at a 
steel-faced plate with a 23-inch wrought-iron plate in front. It 
was found that the effect of the steel as regards the breaking 


25** The Engineer.” ‘‘ American Armor-piercing Projectiles,’’ November 19th, 1897. 
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up of the head of the projectile was completely neutralized, 
and its resistance consequently diminished to even less than 
that of ordinary soft-iron armor. English then suggested 
that a cap of wrought iron placed over the nose of the shot, ) 
so as to be cushioned between the shot and the plate on im- 

pact, would probably produce the same result ; in accordance 

with this suggestion four capped g-inch Palliser were fired in 4 
1879. The cap used was similar to the present Russian type, § 
and had a truncated nose; but the anticipated results were : 
not realized. In the light of subsequent information it is not 
at all clear whether this failure was due to the insecure means 
of attachment, the low striking velocity—1,500 feet per second 
—or the already damaged plate against which the shots were 
tried. The cap fitted over the head of the projectile, and 
extended as far as the extractor holes, into which it was secured 
by screws. Above the point of the projectile the cap was 
2} inches in thickness, and its point was truncated to a breadth 
of 2} inches. It was found that the capped shot were in no 
way superior to the ordinary pattern, and no further experi- 
ments were carried out.” In 1894, the Russian Admiral 
Makaroff was firing capped shot against harder plates than 
the old compound, and with recorded success. The caps were 
reputed to be of steel, and were termed “ magnetic,” probably 
because of a magnetic means of attachment. Since that time 
experiments have proceeded in many countries, but not 
always with consistent success. Capped shot have been 
known to fail against plates at striking velocities suitable for 
uncapped shot to succeed. In August, 1894, two 6-inch chrome- 
steel Firth capped projectiles perforated a 6-inch Harveyized 
plate at about 1,800 feet per second;” but in July of the same 
year a Hadfield uncapped shot pierced a similar plate at 1,825 
feet per second ;* so that in this country, up to 1894, and 
against Harveyized plates, the cap had not demonstrated its 
value. In 1900, however, Hadfield was able to produce cap- 








26Cunhill. ‘‘ Experiments with Armor-piercing Projectiles.’’ ‘‘ Proceedings, ""R. A.I., Vol. 
XI, No. 7. 

27** The Engineer,’’ September 17th, 1897. 

28 Hadfield. ‘‘ The Engineer,”’ September 24th, 1897. 
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ped projectiles which, with a slightly higher velocity than 
the average usually employed, could readily perforate hard- 
faced Krupp plates.” 

With steadier shot, improved manufacturing processes and 
materials, and at high striking velocities it has now come to 
be generally acknowledged that a cap adds from about } to } to 
the penetrative power against modern Krupp or Terni plates, 
at 1,800 feet per second. The cap, however, becomes rapidly 
less efficient as the angle of incidence is increased, so much 
so that beyond about 30 degrees the cap is useless. This fact 
needs to be insisted upon. It has been estimated that less 
than 10 per cent. of shots fired from a moving ship at sea will 
hit a target normally,” and considering normal impact with 
reference to the horizontal and vertical plane, it will easily be 
seen that at any range normal impact is altogether out of the 
question. With guns from high-sited batteries impact must 
always be very oblique. 

There is a great variety of caps in use at the present time, 
and as great a variety in the means of their attachment to the 
projectile—Fig. 2. Hadfield’s Heclon shell have the cap 
hammered into thumb-like recesses milled on the nose of the 
projectile. Johnson forces the cap into an annular groove 
with a few notches to prevent rotation. Firth sweats the cap 
to the nose with low-fusing-point solder, and also by running 
white metal into a groove in the cap and a corresponding 
groove on the nose. The Firth-Sterling caps are secured by 
small pieces of iron rod driven through holes in the cap into a 
groove on the nose ; while many foreign examples are secured, 
like the experimental caps of English, by screws. Each of 
these means of attachment seems to fulfil the purpose for 
which it was designed, and whether the nose is grooved or 
not seems to be of little importance, since when shells break 
upon impact they do not generally do so through the groove 
as a weak section. The weak section seems to be determined 
by the initial stresses set up in the hardening process. In 





2° Hadfield. ‘ Nature,’’ January 25th, 1900. 
3°“ Transactions” Institution of Naval Architects, Vol. XVIII, page 132. 
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many cases the caps seem to have been designed to secure 
something patentable, and if all the caps are equally efficient 
as regards penetration, it would seem that a cap such as the 
Krupp would be the best, as involving less shortening of 
range by increased air resistance. This latter aspect of the 
matter is of some importance. 

Many explanations have been proposed to account for the 
phenomena connected with the use of caps, and putting aside 
the unthinkable suggestion that the cap acts as a lubricant, 
the principal notions appear to be as follows: 

(1) “The action of a cap was that when the projectile 
struck the plate it dished it at the point of impact, and per- 
haps strained it nearly up to its elastic limit. The first thing 
to touch the plate was the cap; the point of the projectile 
had then to travel practically the length of the cap before it 
touched the plate, and when the point touched the plate the 
latter was probably already strained beyond its elastic limit. 
That being so, the projectile had easy work in piercing the 
very hard surface of the plate; once the point had got in it 
was supported ; and it only remained for the high energy 
contained in the projectile to do the necessary work of com- 
pleting the perforation, if that energy was sufficient.*'” 

(2) “The hard face of an armor plate is designed to ini- 
tiate the destruction of the delicate point of a projectile before 
the latter has obtained any appreciable penetration at all, for 
directly it has entered, as much as } inch even, it obtains a 
side support which increases the difficulty of breaking it, and 
the further it goes in the less support it needs, and the more 
it gets. It follows from this (1) that the hard face has only a 
very minute fraction of a second of time in which to perform 
its main function, and (2) that anything which will enable 
the extreme point of the shot to hold together during this 
brief instant is likely to save the projectile from the fatal 
initial pulverization, and to defeat the main object of harden- 
ing the face of the plate. This is the whole razson a’étre of 
a cap.” 





31 Dawson. ‘‘ Armor-piercing Projectiles.” ‘‘ Proceedings” Inst. C. E., February roth, 1903. 
32 Tresidder. ‘‘ Brassey’s Annual,’’ 1905, page 347. Ewing. British Association, 1906. Discussion 
on ‘‘ Armor Plates,’’ by Edwards. 
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(3) ‘* The causes of the rupture of the ogival head, and the 
means of preventing it, require delicate examination. Let us 
consider the case of the rupture of a projectile of good qual- 
ity. « . . The point of the head was flattened by the 
blow, and took the form of a punch, which latter commenced 
the penetration ; the ogival headafterwards entered the metal 
like a wedge. In proportion as the ogival head penetrated, 
the portion enclosed in the plate was violently compressed, 
whilst the part which remained outside underwent no pressure. 
This sudden passage from one state to the other, following 
the line of contact with the exterior surface of the plate, creates 
a critical state for such a rigid metal as chrome-steel ; if this 
separation propagates itself into the interior rupture will take 
place. A remedy has been sought in the use of a more or less 
flexible and ductile envelope, which, placed upon the projec- 
tile, would transmit the pressure to it, and at the same time 
spread it out in a slightly graduated manner. This covering, 
or cap, of soft steel thus fulfils, from the point of view of the 
distribution of the pressures, an analogous part to that which 
is played, from the point of view of the distribution of the 
metal, by the curve which unites the two portions, of differ- 
ent diameters, of an axle, for the purpose of preventing the 
formation of a crack in the angle which the curves do away 
with.” 

Regarding these explanations it may be noticed that the 
first assumes that a soft-iron projectile fired against a face- 
hardened plate can, in the earliest stages of impact, strain the 
face of the plate up to its elastic limit, so that presumably in 
the immediate neighborhood of the point of impact the face 
is in a plastic or semi-plastic state. Now for the lowest strik- 
ing velocity at which a cap is known to be effective, this 
assumption would not be generally admitted. And, further, 

-_ if the cap strains the face in this manner the necessity for a 
very hard nose to the projectile is not at all clear; it seems 
reasonable to suppose that an ordinary stee] nose would be 


33 Bertin. ‘‘ Hardened Plates and Broken Projectiles.” ‘‘ Transactions” Institution of Naval 
Architects, July 6th, 1897. 
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sufficient to fracture already plastic material. Moreover, phe- 
nomena almost identical with that associated with caps can be 
produced by placing a layer of soft iron, or even copper or 
lead, in front of the plate instead of on the projectile; and 
evidently in this case the action can hardly be one of produc- 
ing initial plasticity of the hard face. 

The second explanation is typical of the one current in 
text-books. As far as I can understand its terms, it refers to 
the great resistance offered by materials to volumetric strain. 
That portion of the nose going through the cap is under lat- 
eral pressure arising from the resistance offered by the cap to 
the wedge action of the projectile. It is also under end 
pressure, at the extreme point, the measure of the initial re- 
sistance of the plate, and at the other end the pressure corre- 
sponding to the force of retardation acting on the remainder 
of the projectile. The front few inches of the nose is thus 
under a sort of fluid stress, and the only probable strain is that 
due to a change of volume—in other words, a crushing strain 
against which the material can offer very great resistance. 
The nose thus retains its shape, and is able to produce the 
intense local strain on the face which is favorable to fracture 
of the plate. But this explanation fails to account for the 
general experience that caps add nothing to the penetrative 
power below a striking velocity of about 1,700 feet to 1,800 
feet per second, although this velocity is above that necessary 
to pulverize the bare point of the projectile. It also throws 
no light on the behavior of small capped projectiles, which, 
generally speaking, seem to gain little by the use of a cap, or 
on the behavior of capped shell against plates differing con- 
siderably from one caliber in thickness. M. Bertin’s explan- 
ation obviously refers to the fracture of the head of the 
projectile rather than to the pulverization of its point; and 
the question at issue is not a consideration of the cause of 
fracture after the point has entered the plate, but how the 
point is able to enter at all and preserve its original shape. 

The principal objection to these explanations appears to be 
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that they attempt to account for the phenomena resulting 
from a very complex play of forces, as if one out of many con- 
siderations affected the whole result. It has to be remem- 
bered that in the head of an armor-piercing projectile, where 
in a small mass we have a large variation of cross-section, 
. initial stresses of considerable magnitude exist ; and anything 
which can reduce the time rate at which the velocity of the 
projectile is reduced in the stage immediate on impact, is 
favorable to the instability of the material of the nose remain- 
ing undisturbed. The cap would, from this point of view, act 
as a cushion, reducing the maximum value of the retarding 
resistance set up by the face of the plate. In the next place, 
the cap acts in a manner favorable to the nose-resisting frac- 
ture, by transmitting the strain energy from the small mass 
at the point to the larger mass of the body of the projectile. 
As far as I understand Bertin, this is the main feature of the 
action of acap. Now, it is known that at the short ranges 
usually adopted at proof butts, projectiles are not generally 
moving in a steady condition ; that it to say, they have angu- 
lar motion about an axis inclined to the axis of figure. Asa 
consequence, armor-piercing projectiles at proof nearly always 
strike the plate with an incidence of a few degrees, and this 
oblique action, being accompanied by cross strain on the nose, 
is most favorable to the initial fracture of an unprotected 
point. Whether the pulverizing of the broken point is pro- 
duced directly on impact, or whether it results subsequently 
from the crushing action of the remainder of the projectile, is 
not known. The cap, in being the means of transmitting 
this lateral strain from the point to the body of the head, 
favors the head remaining intact. Steel caps would obviously 
be better than soft-iron caps if their action has anything to do 
with the transmission of strain energy from the point to the 
body of the head. 

The experience at our disposal lends support to the idea 
that the problem of armor-piercing projectiles is the problem 
of finding a suitable shape to the nose. 
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IMPACT. 

The general problem of impact is one of great complexity, 
particularly so when the immediate aspect is the strain effect 
on the colliding bodies, and not the translational and rota- 
tional motions which the collision may ultimately produce. 
Some quantitative statements founded on more or less exact 
elastic theory have recently been furnished,* but they throw 
little light on the armor problem, because here we are con- 
cerned with a final state of fracture and not with a final con- 
dition of strain. And if it were otherwise, we should still 
have considerable difficulty in the approximate application of 
the ordinary elastic theory to a modern armor plate, which, 
being by no means isotropic, presents a marked variation in 
physical properties throughout its thickness. It is hence not 
a matter of surprise that the theory of armor under attack is 
confined to quantitative statements derived from empirical 
rules, which, with one unjustifiable exception, are candidly 
without theoretical basis.” These rules are confined to the 
solution of two classes of practical problems—the determina- 
tion of the thickness of a plate just perforatable by a certain 
projectile, striking normally at a certain velocity; and the 
comparison of the merits of two plates, according to their be- 
havior against the same nature of projectile. The first class 
is solved by reference to one of the many rules that a maker 
finds best conforms to his own practice, and the second by 
the introduction of a ballistic factor of merit, used in conjunc- 
tion with a formula, such as that of Tresidder, believed to 
express the behavior of homogeneous unbacked wrought-iron 
plates; or a formula such as that of Jacob de Marre, for the 
homogeneous steel plates made by Barba at Le Creusot. 
When we remember the complex and difficult treatment of 
large armor plates, and the secrecy preserved with regard to 
the processes, and composition of materials, &c., it will be 
apparent that considerable diversity is to be expected in the 
published results regarding armor and projectiles. If in 


34Smith. “Impact, Direct and Oblique.”” ‘‘The Engineer,” March roth, 1906. 
35 Tresidder. ‘‘The Engineer,’’ July 24th, 1896. 
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nothing else, this diversity is most clearly shown in the great 
variety of empirical rules that are in use. It appears to be 
generally assumed that the thickness of a hard-faced plate 
just perforated, under normal impact, can be expressed as a 
single term involving functions of the weight, striking ve- 
locity and diameter of the projectile; and the changes are 
rung in every conceivable way, although it is well known 
that considerations other than these are effective in deciding 
whether the plate is to be defeated. 


Cee Gee es ae a er eee oh 
ee eee ss ee Oe eee ae; 
Tee ee. 2. se ws se 2 eee ae 
Vickers (Russian) makes .... . t7@ : 


?, being the thickness of hard-faced plate just perforated by a 
projectile of weight w, diameter d, and with striking velocity 
v. In fact, given a table representing fair average values of 
¢ and wv as obtained from actual practice, then one has only to 
assume the form of any of the variables ¢, w, v and d, to make 
a very large number of these rules accurate to about 5 per 
cent., which is well within the limit of experimental error. I 
have plotted the above formula and taken a mean curve ; as- 
suming w and d to be connected by the relation already given, 
I find for service uncapped armor-piercing projectiles— 


pai 
~ 12,000’ 
and for capped projectiles— 


Major Edwards, R. A., on the assumption that 
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has pointed out that the formula for Krupp steel can be 


reduced to the form— 
ee 


~~ 2,200’ 
for uncapped projectiles, and that a rough rule for capped 
projectiles is 

ae 

"1,950 

There are several considerations which limit the utility of 

these rules. In the first place, they are only applicable to 
complete perforation by unbroken projectiles that have inap- 
preciable remaining velocity after passing through the plate, 
and as most of the information on which the above formule 
have been built up has been obtained from tests in which the 
diameter of the shot was not widely different from the thick- 
ness of the plate, these rules should only be considered to 


have application to those cases in which the ratio 4 approxi- 


mates to unity. Against hard-faced plates the rules cannot 
be used for partial penetration. Thus, a 9.2 uncapped shot 
which will perforate an 8-inch Krupp plate at about 1,900 feet 
per second must not be expected to enter 8-inch in a 12-inch 
plate at the same velocity. Considerations of stiffness and 
thickness of cemented face affect the result, as will be indi- 
cated later. And again, in the trials, to cover the results of 
which the above rules were devised, several factors of im- 
portance were generally unknown. The striking velocity 
was usually calculated from the charge, and not experi- 
mentally observed. No cards were taken near the plate to 
ascertain whether, at the short proof ranges the initial un- 
steadiness of the shot had been damped by air friction, in 
spite of the fact that shots frequently hit the plate at points 
considerably out of the line of sight.* 

In cases where the plate was perforated the effect of the 
backing, or what the remaining velocity would have been 


36 Cranz and Koch. ‘‘Untersuchungen tiber die Vibration des Gewehrlaufs.”” (Miinchen, 1899.) 
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without backing, was not determined; and in cases where 
complete perforation of the plate did not take place, what 
increase in striking velocity would have brought about per- 
foration ; although such experience with hard-faced plates as 
we possess goes to show that almost up to the point of yield- 
ing the plates show little or no indication of the approach to 
yielding.” Bertin, in his elegant discussion, assumed the 
rough rule, that the resistance of the backing was equivalent 
to an increased thickness of the plate equal to one-tenth the 
thickness of the backing.* The spring of the target and the 
permanent distortion of the plate were usually not recorded, 
or simply mentioned as an incident of the test. In addition, 
we must allow that plates from the same maker would show 
at least 5 per cent. variation under the ordinary tensile and 
impact tests, and hence we ought not to expect any of the 
above rules to show a greater consistency than such as lies 
within a 10 per cent. limit of variation. The behavior of 
modern armor is hence not rationally expressed by the usual 
tables, in which thicknesses of plate, just perforable, are given 
to two significant figures. 

The most important practical problem connected with the 
attack of armor is the comparison of the qualities of defence 
of different plates. Two methods of meeting this problem 
are in common use. ‘The first proceeds by a determination 
of the ratio between the thickness of a standard wrought-iron 
or steel plate, and the thickness of the hard-faced plate, that 
is just perforated by a certain projectile with a certain veloc- 
ity. The second, by a determination of the ratio between the 
striking velocities necessary with the same projectile, in 
order to perforate the same thickness of the different plates. 
The comparison of thicknesses is the method adopted in this 
country, the standard plate being unbacked wrought iron, as 
represented by Tresidder’s formula, 

OP es FR ae ten 
d log 8.8410 


37 White. ‘* Transactions” Institution of Naval Architects, July 6th, 1897. 
38 Bertin. ‘‘ Transactions” Institution of Naval Architects, July 6th, 1897. 
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On the Continent the comparison of striking velocities finds 
favor, the standard plate being soft iron, as represented by 
the G4vre’s formula, or more generally Le Creusot steel, as 
represented by the de Marre formula, which in French units 


may be written : 
p+ =( 3 
1,530" qi . 


Neither of these methods can be considered as offering 2 
scientific treatment of the subject, although they have come 
to have extensive practical adoption. Nevertheless, they 
make direct appeal to the naval architect and to the gunner. 
A comparison of defensive qualities measured in terms of 
thickness, and hence, for a given area of protection, in terms 
of weight, furnishes an immediate account of the minimum 
weight of armor to be carried to protect flotation, or for any 
other purpose, such as protecting gun bases, funnel bases, 
uptakes, &c., that may be thought desirable ; whereas a com- 
parison of these qualities in terms of striking-velocities 
furnishes an account as to ranges beyond which certain types 
or thicknesses of armor cannot be defeated by a specified 
nature of attack. 

To facilitate the comparison of plates according to the 
English system, Tresidder’s formula for unbacked wrought 
iron is generally taken as a basis, and used in conjunction 
with a ballistic term called the “factor of merit.” This 
factor is defined as the ratio, R, between the thickness of 
plates, one of wrought iron and the other of hardened steel, 
both of which are just perforated by a given projectile with a 
given striking velocity. Another term, called the “ factor of 
penetration,” is due to Wolley-Dod. It defines the ratio 
between the thickness of wrought iron just perforated by a 
given round and the thickness of the plate against which the 
round is fired. 

It is not at all clear what sort of comparative value we are 
to consider this factor of merit to possess; whether, in fact, 
we are to consider the quality of a plate as entirely furnished 
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by its factor of merit. Thus, supposing as a result of im- 

proved processes the factor of merit of a certain thickness of 

plate against a certain projectile went from 2 to 3, are we to 

consider that the improved plate offers half as much resistance 

again (resistance being understood to mean work spent in 

penetration) as the original plate? If so, a comparison of the 

plates by the continental method of velocity ratios should 

presumably show a like increase. But practical experience 

shows that there is no simple relation between the increase in 

quality, as measured by the ratio of thicknesses, and that 

measured by the ratio of velocities. Furthermore, the figure 

of merit is modified by the ratio between the thickness of the 

plate and the diameter of the projectile, in quite a different 
way from that of the de Marre coefficient. Hamilton has ' 
recently endeavored to insert considerations of this ratio in 
the ordinary Tresidder formula, but the data on which his 
formula are based are very restricted. He deduces,” 


F=a}1 +0014 (13—<)? (5-—:)}, 
F being the figure of merit, ¢ the thickness of the plate, and 
d the diameter of the projectile. Introduced into Tresidder’s 
formula for wrought iron, Hamilton gives the following 
formula for K.C. plates by capped A.P. projectiles, under 
normal impact: 


(5) "=3" log ~~ (0-55694—10). 


The general phenomena arising from the impact of a shot 
on an armor plate appear to be as follows: As soon as the 
projectile touches the plate it suddenly experiences enor- 
mously increased resistance, and its rate of retardation is 
suddenly increased. ‘The measure of the retarding force, in 
a direction parallel to that of motion, is directly proportional 
to the time rate of destruction of momentum of the projectile 
at the instant considered. This force acting on the nose of 
the projectile, in strictly normal impact, results in a wave of 





3® Hamilton. ‘“ Perforation Formulas.” ‘‘ Journal’’ United States Artillery, Vol. XXV, No. 3. 
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compression traveling from the point of the projectile towards 
its base, the velocity of this wave being directly proportional 
to the modulus of elasticity, and inversely proportional to the 
density. At the instant when this wave first travels towards 
the base, the rear portion of the projectile is moving towards 
the plate at the same velocity that it had immediately before 
impact, so that shortly after impact the nose and the base 
are moving in opposite directions, and if the thrust corres- 
ponding to this motion cannot be carried by the walls of the 
shell the walls crack or set up. 

The pressure between the projectile and the plate results 
in a similar state of compression spreading throughout the 
plate, and this waveliké mobility of the particles of a plate 
under severe impact is visible in many plates.“ Some very 
perfect specimens of these curves have also been obtained 
from firings at official proof butts. The velocity with which 
these waves are propagated also depends on the elasticity and 
density of the plate. 

The immediate effect of such a rapidly-applied force is, as 
we have seen, both on the projectile and plate, to cause in- 
tense local strain. The magnitude of the strain energy per 
unit volume can be calculated when we know the stress and 
strain throughout a small elementary mass. If /is the aver- 
age compressive stress, and £ the modulus of the material for 
shock loads, then the strain energy per unit volume is meas- 
ured by a If the materials at any time become stressed to 

t 


2 
the point at which permanent set takes place, a measures 


what is called the “resilience.” We thus see that the amount 
of strain energy per cubic inch that the projectile or the plate 
can possess without permanent deformation or fracture is per- 
fectly definite, and would be ascertainable if the physical 
constants under the actual conditions of the applied loads 
could be determined. If, then, at any time stress accumulates 
so rapidly that the strain energy exceeds the resilience of the 


*° Hartmann, ‘‘ Comptes-rendus de l’Académie des Sci de Paris,’’ March, 1894. Institute 
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materials, semi-plastic yielding or fracture must ensue. On 
the other hand, if by employing suitable materials, or by their 
suitable arrangement, we can ensure the strain energy being 
dissipated so fast from the point of impact that its value at 
any place is less than the resilience, local set or fracture will 
have been prevented. It follows as an immediate consequence 
that the fracture of a body under a blow depends on the 
ability of the body to dissipate strain in such a way that the 
strain energy is always less than the resilience. 

We have seen that strain energy is measured by the product 
of stress and strain, and since the proportionality of stress and 
strain continues much beyond the ordinary static elastic 
limit,” we may say that strain energy, as far as we are here 
concerned, is measured by the square of either stress or strain, 
and the possibility of fracture is represented by the square 
root of the strain energy per unit volume. If the material is 
brittle, there is a sort of molecular instability which causes 
fracture at one place to extend to all neighboring places. 
Such an effect was produced in the old compound plates, the 
steel face of which frequently cracked into many pieces, like 
a piece of glass. The same feature is often seen in modern 
Krupp plates where the cementation has been inefficiently 
performed, the face breaking up with the well-known con- 
choidal fracture characteristic of obsidian. In these cases a 
moderate supply of energy, delivered with great rapidity, is 
sufficient to produce extensive fracture; but as the material 
gets less and less brittle we require a larger amount of energy 
delivered to get fracture throughout the same volume. It is 
for this reason that in cutting wood we use a wooden mallet 
and a long wooden-headed chisel. The mallet and chisel 
here act as a reservoir of energy, and the energy of the blow 
is slowly delivered by the edge of the chisel to the wood, but 
the rate is sufficient to cause fracture immediately in front of 
that edge. If the wood became more rigid without increasing 
in strength, so that the energy delivered by the blow would 


*1 Hopkinson. ‘‘ Effects of Momentary Stresses in Metals.”’ ‘ Proceedings’ Royal Society, 
february 16th, 1905. 
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be transmitted more rapidly to other parts of the material, 
then we should have to use a more rigid mallet and a more 
rigid chisel. In dealing with a metal such as steel, we have 
to ensure a still greater rate at which energy can be delivered 
by using a short rigid steel chisel and a steel hammer. 

It will thus be seen that if the wave of compression passing 
along the projectile and through the plate gives rise to such an 
accumulation of strain that the strain energy is greater than 
the resilience, fracture of the projectile and penetration of the 
plate must take place. We thus see the immediate function 
of a hard face to the plate and a hard nose to the projectile, 
hardness being used to signify, not mere capability of being 
scratched by other materials, but a high modulus of elasticity. 
If the point of the projectile is of highly elastic material, such 
as tempered steel, the strain energy of compression is rapidly 
propagated to the body of the projectile, and the yielding of 
the point is prevented. Precisely similar conditions obtain 
with regard to the plate. A highly elastic face enables strain 
energy to be rapidly conveyed from the immediate locality of 
impact to other parts of the body of the plate, and the strain 
energy not being allowed to accumulate to the limit of resil- 
ence, fracture is prevented. Since the velocity with which 
waves travel from the point of impact is determined by the 
physical properties of the material of the plate, it follows that 
any projectile, however soft, can fracture a plate, however 
hard, if only it has sufficient striking velocity ; for the force 
of impact can be increased indefinitely with the velocity, 
whereas the rate of propagation of strain is limited by the 
materials used. But with actual projectiles and actual plates 
any increase in striking velocity is in favor of the projectile 
breaking on impact, and a broken projectile is all in favor of 
the plate not being defeated. 

Again, in general, the rapidity with which a body can 
propagate strain depends on the direction of the blow with 
regard to the configuration of the body. Thus, a steel rod 
can be much more easily broken by a transverse blow than by 
a longitudinal blow, because the rate at which strain energy 
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is conveyed from the point of impact to other parts of the rod 
is less when the direction of the blow is at right angles to the 
axis of the rod than when it is parallel to that axis. This 
fact explains the rapid diminution in the power of a projectile 
to perforate a plate at oblique impact. The blow on the nose 
can be imagined resolved into an axial blow and a transverse 
blow. The strain energy due to the transverse component is 
not propagated as fast as the strain energy due to the axial 
component, and fracture of the nose is favored. The converse 
holds with the plate. Striking a plate at an angle is equiva- 
lent to sending component compression waves at right angles 
to its face, and along its face; and these latter waves, trav- 
eling at a greater rate than the former, tend to distribute 
the strain energy throughout a large volume, and thus pre- 
vent fracture, as the plate behaves like a rod, being more 
easily broken by a blow at right angles to its length than in 
the direction of its length. 

It would thus appear that the usual methods of dealing 
with oblique impact are not rational; the problem is much 
more complex than the usual assumptions would lead us to 
believe. Treating the obliquely presented plate as one 
normally presented, but thicker in the inverse ratio to the 
cosine of the angle of obliquity, is a method for which we can 
find’ no theoretical sanction. Tresidder has proposed the 
formula,# 

63 | Cf D™ log —'8.8410 
v = cos aN Weoaté ’ 








which we may take to be an empirical rule awaiting trial, 
according to which the figure of merit of the oblique thick- 
ness is taken, and the mean direction of the hole in the plate 
to be halfway between the direction of impact and the normal 
to the plate. According to some trials of 6-inch capped A.P. 
projectiles by the Bethlehem Steel Company, quoted by 
Hamilton, the return to the normal was greatly increased by 
the use of a cap, and he proposes the following formula, in 


42 Tresidder. ‘‘ Brassey’s Annual,’’ 1905, page 345. 
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which the return to the normal is taken as two-thirds the 
angle of obliquity : 


73 


log P, + log a* + 9.443 = log W + log L', 
in which /, is found with ( ‘Sec a) as argument, and 
Vi = Vsec 7 0. 
3 


The method by which only the normal component of the 
striking velocity is considered as effective in producing pene- 
tration is obviously incorrect, since the transverse component 
has a most important effect in putting cross strain on the nose 
of the projectile, a condition most favorable for the fracture 
of the nose, as well as setting the face of the plate, at the 
point of impact, into a vibratory state, and thus relieving the 
face at the point of impact. 

With regard to the action of a projectile, a somewhat arti- 
ficial distinction has been made between a blunt and a pointed 
projectile. Thus Orde-Browne has it—‘‘A plate may be per- 
forated by ‘ boring’ and ‘ punching.’ An armor piercer, unless 
prevented, drives its sharp point through a plate at the point 
of impact, opening the metal outwards, and so clearing a path 
for the shot’s body to follow. This process may be called 
‘boring’ a hole. A blunt projectile cannot do this. It can 
only perforate by driving a disc of plate out in front of it. 
This is the way that a common shell with a plain head and a 
nose fuse perforates, and it may be termed ‘ punching,’ and is 
resisted by the plate’s tenacity and toughness.*”’ To an 
engineer this distinction must appear somewhat unreal. We 
invariably associate boring action with rotation, and in this 
respect projectiles, whatever be the shape of the nose, are sim- 
ilar. Even if the terms are considered to make reference to 
the character of the holes, they still seem to be inapplicable, 
since a punch will make a clean round hole in a plate if the 
latter is not brittle. The action appears to be one of degree, 





*Orde-Browne. ‘‘ Brassey’s Annual,”’ ‘‘ Armor.’’ 1899. 
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and not one of kind, as the usual reference implies. A pointed 
projectile is favorable to an initial localized strain, and hence 
to early fracture of the skin of the plate, which, owing to the 
molecular instability before mentioned, allows the fracture 
rapidly to extend. A flat-headed projectile acting in the early 
stages over a comparatively large area meets with a greater 
total resistance, but the resistance is less intense, and the cor- 
responding strain is also less intense. Considering the time 
average value of the resistance, we see that in the case of the 
pointed projectile the portion of the plate just touching the 
nose is fractured in the very earliest stages of impact, before 
the waves of compression have had time to travel very far 
from that point, whereas with a flat-headed projectile fracture 
of the plate occurs at a later period, and the waves of com- 
pression have had time to travel from the area of impact to 
other portions of the plate, which are also fractured if the 
strain energy per cubic inch produced by the compression 
wave is equal to the resilience of the material. 

The appearance of the hole made in the various plates pre- 
sents some general characteristics. With the old iron or soft 
steel plates, a large bulge was first made at the back, followed 
by a tear extending from about the center of the bulge by 
three or four cracks to the edge of the hole, the edges being 
usually turned back. With hard, homogeneous steel plates 
the effect was quite different, and was much the same as that 
experienced with Gruson chilled cast-iron cupolas. The 
fracture seemed in no way to depend on the diameter of the 
shot, due, no doubt, to the reason already given—the rapid 
spread of the fracture with brittle metals. In the case of a 
modern Krupp or Terni plate quite another effect is met with. 
Elastic deformations of the plate may obtain a considerable 
value, and frequently the diameter of the hole is less than the 
diameter of the projectile. A large, slightly conical disc is 
punched out, such as would be produced by a considerable 
elastic deformation, accompanied by a tearing of the hole at 
its edges. Capped projectiles usually produce holes slightly 
larger than the projectile, and without surface scaling. At 
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oblique impact, if the plate is one just matched by the pro- 
jectile at normal impact, scoops a few inches in depth are 
usually made, but if the plate is overmatched the capped pro- 
jectile makes its characteristic hole, the general direction of 
which is inclined to the plate at a smaller angle than the 
angle of incidence. 
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BUILDERS’ TRIALS OF CURTIS TURBINE 
STEAMER CREOLE. 


By CuHas. B. EDWARDS, ASSOCIATE. 


The Creole is a first-class combined passenger and freight 
steamer built by the Fore River Shipbuilding Company for 
the Southern Pacific R. R. Co. She is fitted with twin-screw 
Curtis turbines, and the builders’ guarantee calls, for a speed 
of 16 knots at 10,000 tons displacement. She can carry 420 
passengers of all classes and 3,000 tons of freight. Figure 1 
is a photograph of the vessel. 


HULL. 


The following are the principal dimensions of the vessel : 


Letigtlh Oven Wil, Beet. ..ccscvesscssencescce scocescccessososoossnevesteaséneoese weienane 440 

Length between perpendiculars, feet...............:.ssseeeeersesseesssecccesens 416 

RG, TOO, FON viet c ccdare ccnpneunecetntorisecssenitnnnss qeehipabiansarsaiins 53 

Depth, molded to upper deck, feet.........00.cccccccesccccvecccseccvccsceccesoes 37 

Draught at 10,000 tons displacement, feet and inches...................6. 24-10 

CoeGiaienl OF mnt GRO. ciiceccecs sckscecksccececccicsosevbetyscacuscdicunsses -645 
BOILERS. 


The vessel is fitted with ten Babcock & Wilcox water-tube 
boilers with superheaters, using natural draft. There is one 
smoke pipe 94 feet 4 inches in height and 153 square feet 
area. ‘The total capacity of the ten boilers is: 


Grate surface, square feet..........ccccs...crsseccrccesssccesensecscccccsescosccee 770 
Heating surface, square feet.........000.cccccseeseseeeceneeseoess avd soasevebotentos 28,500 
Superheating surface, square feet. .....0006..-ssececsseeeeeeeserseeeeseeesereeeees 4,350 
Ratio grate to heating..........cccccccccccsesescssesessssscrssscccessserssececescceeees 37 
Working pressure, pounds............. 2 occcveee- cecbsocscccovesccscasces conse soon 250 


50 
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TURBINES. 


The vessel is fitted with two 120-inch diameter, seven-stage 
Curtis marine reversible turbines, rated at 4,000 brake horse- 
power each, or 8,000 H.P. aggregate. Figure 2 is a view of 
the engine room looking aft, and Figure 3 shows one of the 
turbines with the wheels ready to assemble in the shop. 


PRINCIPLE OF OPERATION. 


The Curtis turbine is of the impulse type, and, in order to 
reduce the economical speed of rotation to a point suitable for 
direct driving of marine propellers, the turbine is divided 
into several pressure stages, and each pressure stage is pro- 
vided with several rows of revolving buckets. The simplest 
possible impulse turbine would consist of a single wheel 
having a single row of buckets on which a jet of steam is 
directed by a suitable nozzle. Examples of such a turbine 
are the DeLaval steam turbine and the Pelton water wheel. 

A simple single-wheel impulse turbine has its maximum 
economy when the buckets move with a velocity of approxi- 
mately half that of the jet of steam. A jet of high-pressure 
steam, in a proper nozzle, will attain a velocity of about 4,000 
feet per second when discharging into a vacuum, which 
would require the enormous speed of 2,000 feet per second 
for the buckets to obtain the maximum economy. This speed 
would require such a high number of revolutions that it 
would render direct connection to a propeller impossible, and 
would also produce centrifugal forces too great to be properly 
handled. 

By using several wheels on the same shaft, each one utiliz- 
ing the exhaust from the one preceding, the pressure drop 
and corresponding steam-jet velocity to be handled by each 
wheel is greatly lessened. Thus by using eight wheels, each 
in a separate chamber with its own nozzle, and so proportion- 
ing the steam pressure that the available energy is equally 
divided, the steam-jet velocity is reduced to about 1,400 feet 
per second and the bucket speed to 700 feet per second. This, 












































Fig. 2.—Vi1Ew IN ENGINE Room, LOOKING AFT. 
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however, is still too high for satisfactory marine work, and, 
in order to lower it, each wheel is provided with three rows 
of moving buckets instead of only one. Each row of moving 
buckets will take out from the jet velocity approximately 
twice its own speed, so that the use of three rows on eachof eight 
wheels will give a bucket speed of 230 feet per second. This 
speed can be used satisfactorily on high-speed vessels, but as 
the economy curve is quite flat at the point of maximum 
efficiency, the speed can be somewhat reduced without greatly 
reducing the economy, giving a fair working speed of about 
160 feet per second. The above described method of reducing 
the economical bucket speed by means of several separate 
stages, each having several rows of buckets, is illustrated in 
diagrammatic form in Figure 4, which shows the first two 
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Fig. 4.—DIAGRAM OF NOZZLES AND BUCKETS IN CTRTIS STEAM TURBINE. 
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stages of a turbine of which the remaining stages would be 
similar. It is seen that between each row of moving blades 
there is a row of stationary blades, the object of which is to 
reverse the direction of flow of the steam as it leaves one row 
of moving blades and direct it into the next row of moving 
blades. The arrows show the direction of the steam as it 
passes through the nozzle and then through the moving and 
stationary blades. 

When the steam passes through a nozzle its pressure drops 
and it gains velocity ; this velocity is absorbed by the moving 
buckets, thus converting energy of the steam into mechanical 
work. As the steam passes from stage to stage it drops in 
pressure, and when it passes from one row of buckets to the 
next in the same stage it loses velocity, but the pressure is 
the same in any one stage in all the bucket rows, and is also 
the same on both sides of the wheel. 

This uniform pressure in all parts of stage obviates the 
necessity of small radial clearance between the ends of the 
blades and the casing, since there is no leakage around them. 
This clearance is, therefore, made as large as desired for 
proper mechanical construction. 

The axial clearance, or distance between the edges of the 
blades, is also made quite large, its only limit being the slight 
disturbance of the jet which occurs at some distance from a 
nozzle or guide blade. 


DESCRIPTION OF CURTIS TURBINES. 


Figure 5 is a vertical section of one of the turbines as fit- 
ted to the Creole, and clearly shows the construction. The 
turbine consists of a cast-iron cylindrical casing divided by 
dished cast-iron-diaphragms into a series of separate compart- 
ments (cast steel is used for two first stages, for strength). In 
each compartment or “stage” there is a separate wheel which 
carries on its periphery three rows of moving buckets (for 
reasons later described the first wheel has four rows). The 
wheels are all mounted on a hollow steel shaft carried by self- 
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C Casing, which encloses the moving 


wheels or rotors and to which is 
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that separate one rotor from another 
and in the upper part of whose curves 
are put the nozzles, or ‘‘ throttles’’ 
which direct the steam that has acted 
upon one rotor, against the moving 
blades of the succeeding rotor, 
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Fig. 5.—VERTICAL SECTION OF ‘‘CREOLE’S’’ TURBINE. 
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aligning bearings as shown. Where the shaft passes through 
the diaphragms they are provided with “bronze bushings 
having a small clearance, thus preventing appreciable steam 
leak from one stage to the other. Where the shaft passes out 
through the ends of the casing it is provided with carbon 
stuffing boxes which, prevent steam leaking out at the ahead 
end or air leaking in at the back end where a vacuum exists. 

The stuffing boxes are supplied with steam in the space 
between the carbon packing to prevent air leaking in and 
lowering the vacuum. They are also drained to the fourth- 
stage shell. 

Cast-steel steam chests for ahead and astern running are 
attached tothe front and back casing heads as shown, and are 
flanged for the main steam pipes. The nozzles for each stage 
are bolted to the diaphragms as shown, the diaphragms having 
steam-port openings cast in them to allow the steam to pass 
through to the nozzles. 

Maneuvering is accomplished by means of two lever-operated 
balanced throttle valves, each taking steam from the main 
steam pipe, and one delivering to the ahead steam chest and 
the other to the astern steam chest. There are seven ahead 
wheels and two reverse wheels. The reverse wheels are 
mounted in the after end of the casing, and under ordinary 
ahead running they are in a vacuum and therefore do not 
waste power by steam friction. They are the same as the 
ahead wheels, except the blades are reversed. To reverse 
when going ahead the ahead throttle valve is shut and the 
reverse throttle valve opened, which is easily and quickly 
accomplished by the operating levers of the two throttle 
valves. 

In the ahead steam chest there are twelve valves, each open- 
ing one of the nozzles for the first-stage wheel. For continuous 
running sufficient of the nozzles are opened to give the speed 
desired, and the ahead throttle valve is left open, thus giving 
full pressure in the steam chest. Nine nozzles will give full 
power, leaving three for overload. The astern steam chest 
has the same number of nozzles, but only six have valves. 
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For maneuvering, the nozzle valves in the steam chests are 
left open and the speed is controlled by the throttle valves. 

On each of the other six ahead stages two nozzle valves are 
fitted. Each valve closes one-fifth of the nozzle area of its 
stage. These valves are closed when running continuously 
at reduced speed, so that the proper steam pressure can be 
maintained in each stage. 

Drain pipes are provided connecting each stage with the next, 
so the condensed steam in any stage will pass to the next one 
of lower pressure and there give up a part of its heat to do 
useful work. The exhaust chamber drains to the condenser, 
and the discharge is assisted by a simall steam ejector. A 
regular marine thrust bearing is attached to the forward end 
of the turbine shaft. In addition to taking the propeller 
thrust this bearing also maintains the proper axial position of 
the rotor, so that the axial clearance of the blades is correct. 
This clearance is one-tenth of an inch on the first wheel and 
increases to one-quarter of an inch on the seventh wheel. 
The thrust is put at the forward end, so that any unequal 
expansion of the shaft and casing will be allowed for at the 
aft end where the clearance is largest. This axial clearance 
is very ample to allow for all unequal heat expansion that 
may occur and any mechanical irregularities and leave suffi- 
cient leeway for adjustment. 

The construction of the blading is shown in Figure 6. The 
blades are made of special bronze accurately formed to the re- 
quired shape by being extruded through a die and thus made 
into long bars. These are cut into lengths as required by 
each stage, and each length is notched or drilled through at 
the ends as shown at B. A number of blades are built up 
into a segment by casting on a composition base on the inner 
ends and a shroud on the outer ends as shown at C. In order 
to do this casting the blades are held in a sand core, with the 
ends projecting slightly as shown at A. After casting, the 
base and shroud are milled off true, thus completing the seg- 
ment as shown at D. 

The ends of the blades fuse into the cast parts, thus mak- 
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Fig. 7.—CALKING IN BLADE SEGMENTS. 
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ing practically one solid piece of the entire segment. If any 
blade should not happen to fuse, the metal will flow into the 
notch or hole and effectually keep itin place. The extruding 
process gives the blades a hard, smooth skin, which reduces 
steam friction and effectually prevents wear and erosion of the 
blades. 

The segments are held in the wheel rims by inserting the 
bases in rectangular grooves around the steel rims and calk- 
ing the edges of the grooves. This calking is done by means 
of a pneumatic calking tool mounted on special adjustable 
pedestal, while the wheel is slowly revolved, as clearly shown 
in Figure 7. On the segments actually used in this vessel 
the shrouds were riveted on instead of being cast like the 


. bases, but on the next turbines constructed they are cast as 


above described. 

The bases and shrouds are overhung slightly beyond the 
edges of the buckets, so that if by any accident the wheels 
should be moved axially the blades would not come in con- 
tact and be damaged, but the overhanging bases and shrouds 
would protect them. These bases and shrouds are very strong, 
and can stand forcing together so hard that the turbine would 
be brought to a stop without any serious damage occurring. 
This very important feature renders stripping of the blades a 
practical impossibility in this design of turbine. 

As before stated, the radial clearance at the ends of the 
blades can be made as large as desired without having any 
effect on the operation, and, as constructed, it varies from } inch 
to 2 inches, depending upon the proximity of the stationary 
blade holders, as is clearly shown in Figure 5. 

To. allow for the increased volume of the steam as it ex- 
pands in passing from stage to stage at lowering pressures, 
the length of the blades are increased, as shown in Figure 5, 
and also the arc of the nozzles is increased, thus giving greater 
area of passage in each succeeding stage. Also, in any one 
stage, the blade lengths are increased in each succeeding row, 
because the velocity falls as the steam passes from row to row, 
although it is at practically constant pressure throughout the 
stage. 
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In order to keep the pressure in the shell as low as possible, 
the pressure distribution is arranged so that one-fourth of the 
available energy of the steam is expended in the firsts tage, 
and one-eighth in each of the other stages. This requires the 
first-stage nozzle to be of the expanding type, but all the 
other nozzles are of the parallel-flow type. Also the first-stage 
wheel is provided with four rows of buckets instead of three, 
as on the other wheels, since the greater energy drop produces 
greater velocity of the steam jet from the nozzles, which 
requires more rows of buckets to properly absorb the energy 
at the bucket speed used. This arrangement makes all the 
ahead wheels except the first operate under eight-stage con- 
ditions. ; 

PROPELLERS. 

On the first trial variable-pitch propellers were used, but 
the results were not satisfactory. ‘These were changed to two 
true-screw propellers, each having the following dimensions : 


Number of blades......... ria te adel alu Sala ae Sle eile haa eiehsiad tanicckcinaaoee 3 
Diameter, feet and inches..............0+ sonia sion snaueenidcasthessais weak agilaeleceia 10-9 
I i asa cate cip bp catcapeoaemmeeeeuaies shaun aieabaaes 8-2 
Ne a itnvais cs seenthbaxderahesinreabenrthenceinewesabistescscedsisaucbarscateckintes -76 
Protected aren, square feet......s0c.sescoscsoccscescsocccsecenscncccsoscacvensoscessoe 33-78 
DI I, INI FE vos cacins ccdcanpednctnvesssceccncnsbaccbeqntnpohenboensée 36.0 
RR i IO GN cee cisco Sistgpnncs ons. copscmorsvadiedvoccecnbenisosbeunesequeasenes go.1 
Immersion of tip at 24 feet 10 inches draught, feet and inches.......... 11-54 


MEASUREMENT OF TRIAL DATA. 


The brake horsepower of the port turbine was measured by 
a Fottinger torsion meter, which was calibrated in the shop 
on the section of shafting on which it was used. 

The steam flow of the port turbine was measured hy two 
tanks which received the discharge of the port air pump al- 
ternately and which emptied into the port hotwell. These 
tanks were calibrated by weighing the amount of water which 
each held. 

The temperature of the steam in the turbine stages and 
steam chests was measured by high-grade glass thermometers 
inserted in mercury cups let into the steam spaces. The other 
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temperatures were measured by the regular ship thermo- 
meters which were permanently installed. 

Pressures in the three lower stages and in the condensers 
were measured by mercury columns. Other pressures were 





| ; Fig. 8. 


measured by the regular ship’s gauges, which were kept ad- 
justed for their working pressures by a weighted gauge tester. 
Revolutions were taken from the ship’s continuous counters. 
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The time on the measured mile was taken by two observers 
with stop watches, and upon crossing the line at both ends an 
electric signal was sent to the engine room to read the coun- 
ters to obtain the revolutions on each mile run. 

Torsion-meter and counter readings on the port turbine 
were read every minute, other engine-room readings every 
five minutes, and boiler observations every ten minutes. 

Coal was measured by weighing the passing buckets as 
they entered the firerooms. On May ist and June 19th each 
individual basket was weighed, but on the other runs the bas- 
kets were counted and the average net weight as before deter- 
mined was used. 

RESULTS. 


STANDARDIZATION. 


The standardization results of the runs over the measured 
mile, with the propellers finally used, are given on accom- 
panying curve sheet, Figure 8. 

It is to be noted that the propulsive efficiency obtained by 
the propeller used is very poor, although it is better than 
that obtained by the first propeller fitted to the vessel. A 
third design is now being built, and it is expected that a 
material improvement will be obtained, which, of course, will 
give a higher speed of the vessel for the same brake horse- 
power of the turbine. 

FULL-SPEED RUN. 

A four-hour run at full speed was made in June 19th, 1907, 
and the results given in Table 1. An average speed of 16.7 
knots was obtained. 

REVERSING TEST. 

On two occasions the turbines were suddenly reversed with 
the vessel going at full speed ahead. The results of the test 
were made on June 18th are given in Table 2. It is seen that 
the vessel can be handled with remarkable quickness. Also 
she maneuvered perfectly when being taken through the 
drawbridge and in the narrow and crooked channel from Fore 
River. The vessel was docked at the Pier in North River 
without the assistance of tugs. 
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ECONOMY TESTS. 


Steam consumption was measured on the port turbine on 
several runs, and the results are given in Table 3. During 
the run on May 17th the steam and vacuum conditions were 
maintained the best and most constant, and, therefore, the 
best water rate was obtained. The water rates obtained, 
namely, about 16 pounds per brake horsepower per hour for 
best steam and vacuum conditions, and about 17 pounds for 
average conditions, are about those to be expected of a triple- 
expansion reciprocating engine; suitable allowance being 
made for engine friction to compare these figures with zza- 
cated horsepower on which reciprocating-engine performances 
are based. In view of the fact that the power and speed of 
this vessel are low for her size, thus necessitating a bucket 
speed much below that giving maximum economy, these 
results are considered very satisfactory. The economy results 
also agree within a few per cent. with the performance of the 
experimental demonstration turbine from which the present 
design was developed, thus showing that results obtained on 
a small machine may be expected to be duplicated with con- 
fidence on a similar larger design. 

By taking the power of the. starboard turbine as equal to 
that of the port at the same revolutions, the total power of the 
vessel is obtained, and the economy results for both turbines 
on the run on May 17th are given in Table 4. 

The results of boiler performance are given in Table 5. 


Table No. 1.—Four-Hour FuL.L-SPEED RUN. 


Run was from Wood End Light around Boston Light Ship 
and return, on June 19th, 1907. 


Down : Distance by chart, Ents, ....25.:0.cccsccoecccsvcees coessocovessserncees 31.5 
Elapsed time, hours, minutes and seconds........... ..sssesesseee 1°52°20 
AOR REG CE, RN i655 eens. Sicinss spsepivascscvasetaete iis sentenebe 16.83 
Bach > Diahaed Wy CAGE, WA v5 0c siccscnss escsccnssncasencentivosinvtncctets 31.1 
Elapsed time, hours, minutes and seconds.........0-.ssseseeeseeees 1°52°25 
AORRG CRONE, TRIE os ociickcsisse <ccnnsscssenssonsnbesaisssuccssanesgoneten 16.6 


Zotal Run: Average speed, Knots,.. ...1....0.000.scccescesesecsesseccscsssoeess 
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Table No. 2.—BackING TEsT. 


Maximum power ahead = 247 R.P.M. 3,790B.H.P. 7.17 Torsiom meter 
for port turbine. 


Time. 


reading. 

Per cent. of 
full torque. 

Per cent. of 
full power. 


steam pressure, 
gauge 
Torsion meter 


| Vacuum in | 
| exhaust shell. | 


| 
| 
| 


4.0 
3.0 

2.95 
3.1 

3.05 
3-05 
2.95 
2.85 


2.95 41.2 

Time from throwing telegraphs till vessel came to a dead stop, 

minutes and seconds ..........sssseees 
Distance traveled, lengths 34 to 44 
Time from throwing telegraph till reverse valves on turbines were 

opened, seconds, port 

starboard 

Time from opening reverse valve till turbines stopped, seconds, 

port........ 

starboard 


NoTEe.—Low vacuum is caused by carbon packing in ahead and not being 
properly arranged to take reverse pressure. 


Table No. 4.—Economy RESULTS FOR BOTH TURBINES FOR RUN ON 
MAy 17, 1907. 





10°30 | 1I1'00 11°30 
to | to to 
II 00 11°30 11°50 


ais 9 WR iciccaincesabensensnedhbesionisadininndonetel i . 2448 | 250.8 249. 

R.P.M , starboard a 2. 239.7 | 242.2 240. 

cee ecnceees - 3,805 ° 3,950 3,920 

* 3,480 | 3,595 3,570 

totel....cccscssses ooo! 7,285 | 75545 7,440 

Steam flow per hour, port om 62,200 | 63,500 63,200 

starboard, est.. -_ 61,500 62,850 62,550 

auxiliaries... ~_ 600 10,600 | 10,600 10,600 

134,359 136,950 | 136,350 
Water rate, all purposes....ccccoccesceesceseeeeenes 18.45 18.16 18.35 
Dry coal per BHP. per hour, all purposes... 8 2 2.13} 2.1 2.12 
port turbine only ¥ 1.89 1.86 1.86 




















Tal 





June 19, A. M. 


June 19, P. M. 


























Date 
8°00 8°30 g’0o 9°30 10°00 10°30 11°00 11°30 12°00 7°30 8°00 8°30 9 
Length of run...........06+ ecesvcéotee to to to to to to to |} to to to to to 
{ 8°30 g"00 9°30 10°00 10°30 It'00 11°30 | 12°00 12°30 8°00 8°30 g'0u 
Number of nozzles open............. 8 8 8 and 9 9 9 9 9 | 9 g and 8. 5 4 | 4 
Steam chest pressure, abs........... 230 229.2 246 245.7 247-9 247.7 248 | 249.1 246.9 242.2 244.7 244-7 
superheat of........... 55-1 55-3 55.2 54-3 64 64.4 66.6 | 66.6 65 60.3 57.2 58.2 
Exhaust shell pressure, abs........ 1.628 1.686 1.481 1.49 1.47 1.397 1.425 1.45 1.495 1.51 1.53 1.50 
Available energy B.T.U.....cces0| 332 330 342.5 341.5 345-5 348 347 347 344.5 341.3 340.5 342.2 
TM ol ccecescccescccses. cveenscocenacsccoces 228.9 228 240.8 245-5 245 247-3 247 247.4 243-1 192.5 178 177-4 
Torsion meter reading.........sss0 5-9 5.83 6.68 7.00 7-13 7-16 7:17 7-317 6.98 4-14 3-57 3-61 
Brake H. P.......0000 seniahionnsineréotand 2,890 2,843 3,440 3,680 3,740 3,790 3,790 3795 3,630 1,706 1,360 1,370 1 
Steam flow, pounds per hour......| 54,000 53,600 60,250 64,100 63,700 63,400 64,600 64,000 62,950 37,500 31,660 30,250 30 
W.R. per B.H.P., turbine only... 18.69 18.85 17.52 17.43 | 17-03 16.73 17.05 16.87 17.34 21.98 23.28 22.08 
Efficiency, per cent 41.0 42.9 42.4 42.8 43-2 43-7 43 43-5 42.6 34.0 32.1 33-7 
Efficiency of demonstration, ma- 
Chine same speced.....cccccceseseeeee 4°.7 42.5 42.0 42.6 42.5 42.7 42.7 42.7 42.2 358 33-7 33 6 
Creole compared to demonstra- 
tion, per cent. difference......... +0.8 +1.0 +1.0 +0.5 | +12.7 +2.3 +0.7 +1.9 +1.0 —5.04 —4.74 +0.3 
W.R. per B.H.P., Creole, re- 
ferred to 27}-in. VACUUM......000- ow _ 16.92 16.64 16.45 16.74 16.54 16.85 oo 


























Table 3.—SUMMARY OF PORT TURBINE. 








June 19, P. M. June 20. 
8°00 | 8°30 g’00 9°30 8°30 | g’0o 9°30 10°Co 10°30 11°00 11°30 12°00 12°30 1°00 
to ta to to to a to to to to to to to to 
8°30 | g°ou 9°30 10°00 g’0o 9°30 10°00 10°30 Ir‘0o 11°30 12°00 12°30 1°00 1°30 
4 « 4 4 ee 7 7 7 8 8 8 8 8 8 
244.7 244-7 247.2 248.2 244.2 244.7 245-7 | 238.7 237-7 240.7 241.7 245.2 238.3 244.1 
57.2 58.2 56.2 57-6 65.7 57-1 62.8 72.3 72.7 70.4 69.2 69.5 70.6 72.9 
1.53 1.50 1.50 1,50 1.46 1.274 1.323 1.20 1.372 1.215 1.298) 1.176 1.176 1.26 
349-5 342.2 342.5 342.8 3455 350.0 349-5 354-3 348.0 354-7 351-5 357-0 355-0 354-3 
178 1977-4 177.8 177-7 221.7 220 220.8 221.2 232.4 233-6 232.1 233.1 230.6 233.8 
3-57 3-61 3-62 3-66 5.64 5-70 5.67 5.56 6.33 6.23 6.26 6.3 6.12 6.29 
1,360 1,370 1,376 1,391 2,674 2,730 2,680 3.145 3,113 3,110 3,140 3,020 3,142 
31,660 30,250 30,580 32,750 47,500 49,700 48,900 260,000 55,500 55,000 56,100 54,600 56,000 
23.28 22.08 22.2 23.52 17.75 18.2 18.25 Iy.08 17.82 17.68 17.88 18.09 17.82 
32.3 33-7 33-45 31.6 41.5 40.0 39-9 38.4 40.2 41.0 39-9 39-7 40.25 
33-7 33 6 33-7 33-7 37-7 39-5 39-6 ooo 41.0 41.2 41.0 41.0 42.9 41.2 
—4.74 +0.3 —0.74 —6.24 +4.6 +1.3 +07 on —3.8 —2.5 eo —2.9 —2.94 —+2.31 
























































Table 3.—SUMMARY OF PoRT TURBINE. 

















19, A. M | June 19, P. M. 

D’00 10°30 11°00 11°30 12°00 7°30 8°00 8°30 g’00 | 9°30 8°30 g’00 9°30 | 10°Co 10°30 11°00 
to to to } to to to to to to Se to | to to to to 
10°30 11 00 11°30 12°00 12°30 800 8°30 gov 9°30 10°00 g’00 | 9°30 | 10°00 11°00 11°3 

9 9 9 | 9 g and 8 5 4 4 4 | 4 m4 ef 7 | 8 8 
247-9 247-7 248 249.1 246.9 | 242.2 244-7 | 244-7 247.2 248.2 244.2 244.7 245.7 | 237-7 240.7 
64 64.4 66.6 | 66.6 65 60.3 57.2 | 58.2 56.2 57-6 65.7 57-1 62.8 72-7 70.4 

1.47 1.397 1.425 1.45 1.495 1.51 1.53 1.50 1.50 1.50 1.46 1.274 1.323 1.372 1.2 
345-5 348 347 347 344-5 341.3 340.5 342.2 342.5 342.8 3455 | 350.0 349-5 | 348.0 354-7 
245 247-3 247 247-4 243-1 192.5 178 197.4 177.8 177-7 221.7 220 220.8 232.4 233.6 

7-13 7-16 7-17 7317 6.98 4-14 3-57 3-61 3-62 3-66 5.64 5.70 5.67 6.33 6.2 

»740 3,790 379° 39795 3,630 | 1,706 1,360 1,370 1,376 1,391 2,674 2,730 2,680 35345 3.113 

9700 63,400 64,600 64,000 62,950 37,500 31,660 30,250 30,580 32,750 47,500 49,700 48,900 260,000 55,500 
17.03 16.73 17.05 16.87 17-34 21.98 23.28 22.08 22.2 23.52 17.75 18,2 18.25 Iy.08 17.8 
43-2 43-7 43 43-5 42.6 34.0 32.1 33-7 33.45 31.6 41.5 49.0 39-9 38.4 40.2 
42.5 42.7 42.7 42.7 42.2 358 33-7 33 6 33-7 33-7 37-7 39-5 39-6 41.0 41.2 
+1.7 +2.3 +0.7 +1.9 +1.0 5.04 —4.74 +0.3 —0.74 —6.24 +4.6 +1.3 +07 —3.8 —2.5 
16.64 16.45 16.74 16.54 16.85 on ovo exe on ovo 



























































May 17. 

















June 20. 
10°30 11°00 11°30 12°00 12°30 1'00 | 1°30 2°00 2°30 3°00 10°00 10°30 11°00 11°30 
to to to to to to to to to to to to to to 
t1'00 | 11°30 12°00 12°30 1°00 3°30 | 2°00 | 2°30 3°00 3°30 10°30 II 00 11°30 11°50 
8 8 8 8 8 8 | 8 | 8 8 8 9 9 9 9 
237-7 240.7 241.7 245.2 238.3 244.1 247-7 247.8 245-7 239.2 239.1 248.6 252.7 251.3 
72.7 70.4 69.2 69.5 70.6 72.9 54.6 | 69 70.8 65.7 71.9 73-5 745 74:9 
1.372 1.215 1.298 1.176) 1.176 1.26 1.334 1.372 1.455 1.642 1.375 1.20 1.197 1.105 
348.0 354-7 351-5 357-0 355.0 354-3 347-7 349-5 346.7 337-4 349-0 357-8 360.5 362.5 
232.4 233.6 232.1 233-1 230.6 233.8 235 234.9 231.6 227.4 239.6 244.8 250.8 249-7 
6.33 6.23 6.26 6.3 6.12 6.29 6.34 6.35 6.31 6.02 6.99 7-26 7-35 7-33 
35145 3,113 3,110 3,140 3,020 3,142 3,19° 3,193 3,130 2,939 3,585 3,805 3,950 3,920 
60,000 | 55,500 | 55,000 | 56,100 | 54,600 | 56,000 | 56,900 | 57,000 | 56,700 =| 54,200 =| 59,260 =| 62,200 += | 63,500 | 63,200 
1y.08 17.82 17.68 17.88 18.09 17.82 17.83 17.84 18.1 18.5 16.52 16 34 16.06 16.12 
38.4 40.2 41.0 39-9 39-7 49.25 41.0 42.75 40.6 49-75 44.05 43-45 44.0 43-55 
41.0 41.2 41.0 41.0 42.9 41.2 41.3 41.3 41.0 42.5 41.6 42.2 42.8 42.7 
—3.8 —2.5 —2.9 —2.94 2.31 —0.7 —1.33 —0.97 +0.62 +5.9 +3.0 +2.8 +2.0 
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Table 5.—BoILER RESULTS. 


Date. ..... .cccccccerercoccssecceccoccccsscsccccsesoccesoes cocseooes May 17. 
{ 9°45 A. M. 
III sic clevsicssuicssdeninaracnsanabimesacnssivhatcnsaiads | 
11°50 A. M. 
Boiler pressure, pounds, absolute., .......seee-.s+0 +0 262.9 
superheat, degrees Fahrenheit. ............... 82.0 
Feed-water temperature, degrees Fahrenheit...... 192.0 
a a Ri cesc titers pa petngincwdcibcadiwsate adises cxnden 1,259.0 
Factor Of CVGROCRIGR .ccicceecossscansessecescceseseces ese 1.139 
Water evaporated per hour, actual...........-.ese00s 132,800.0 
from and at 212 de- 
$PO0S Fahremeeit....ccccccssccccesss socesesocssosssevesee: 151, 300.0 
Wet coal burned per hour. ...............000cecssccseceses 15,800.0 
Dry coal burned per Hour.........ceesee sesceeseeeeeceeees 15,340.0 
Combustible burned per hour.............00sseeeereeees 13,530.0 
B.T.U. per pound of dry coal.. sacesvessecescass Las 
Actual evaporation per pound of wet coal Fewsuaben 8.40 
Gry Coml:......2. 8.65 
combustible .... 9.81 
Evaporation from and at 212 degrees Fahrenheit, 
per pound of wet Coal, ....00....2. coscosccecseccassesoses 9.58 
WE sic s satin tecdn epidecaneaeedain 9.87 
Combustible, ....ccccc...eccesceseesccceee II.2 
Boiler efficiency, per Cent ......2...csccccessecccesnecerere 68.5 
Dry coal per square foot of grate area, per hour.. 19.9 
Water evaporated per square foot boiler heating 
Surince, actual, Her WOU: occciiisessssccacsvecsevecess 5.48 


Water evaporated per square foot total heating 

surface, from and at 212 degrees Fahrenheit, 

OE TROUE, . 000s ccecasencts seuatts codsesous. ebbdsassnpecseeatie 5-3 
Tons of coal burned per hour, actual......... 
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June 9. 
8°30 A. M. 
to 
12°30 P. M. 
262.0 

56.0 
186.0 
1,242.0 
1.128 
132,964.0 


150,000.0 
15,361.0 
15,020.0 
13,770.0 
14,653.0 

8.67 
8.85 
9.65 


9.67 
10.0 
10.89 
65.7 
19.5 


5.48 
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NOTES. 


TAR OILS FOR DIESEL ENGINES. 


When the Diesel engines were first introduced it was 
thought that the great future of the new motors rested on the 
fact that an engine had been brought out which would con- 
sume any kind of liquid fuel. As is often the case, the devel- 
opment took place on rather different lines. The Diesel en- 
gine showed its own preferences as regards fuel, just like the 
gasoline motor, and other difficulties had first to receive atten- 
tion and be overcome. This fuel problem is not serious in 
our country. A Diesel motor is fed with so-called paraffin, 
which can be obtained at very cheap rates, and motors of this 
type are more commonly in use here than on the Continent, 
and in Germany, whence they hail, and where import duties 
keep the fuel question alive. A discussion of these features 
is, unfortunately, complicated by the disgraceful state of the 
nomenclature concerning oils. The engineer and the scien- 
tific chemist are sure to misunderstand one another in such a 
discussion, and it seems high time to put a stop to this 
confusion. 

In Germany tar oils are broadly distinguished as lignite-tar 
oils and coal-tar oils. The tar oils gained from the distillation 
of wood and peat are not at present of much importance. 
Again, speaking broadly, lignite-tar oils are considered a suit- 
able fuel for Diesel engines, while most of the coal-tar oils are 
regarded as unsuitable. The coal-tar oils that are sometimes 
utilized in Diesel motors are creosote oil and anthracene oil, 
whose boiling points lie above 240 degrees centigrade. These 
oils are very much cheaper than the lignite oils; they can 
be obtained in Germany for from 25s. to 50s. per 100 kilo- 
grammes, while the lignite oils command prices ranging from 
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80s. to 110s. The low price of the former product is partly 
due to some undesirable qualities of these oils: bad smell, 
want of uniformity, &c. But as the German production of 
coal-tar oils is now double that of lignite oils, the utilization 
of the cheaper fuel in Diesel motors is a question of consider- 
able interest. Of the lignite-tar oils the less expensive grades, 
which do not contain much paraffin proper—z. e., hydrocar- 
bons of the CnHen+2 series, valuable as wax—are generally 
used in Diesel motors; the density of those oils lies between 
0.860 and 0.926. 

Although there is no inducement to use a high-grade 
paraffin oil as fuel, general experience seems to have suggest- 
ed that a tar oil containing more than 2.5 per cent. of paraffin 
would not answer in Diesel motors. Mr. Paul Rieppel, of 
the Vereinigte Maschinenfabrik Augsburg and Maschinenbau- 
Geselleshaft Niirnberg, found, however, that a higher percent- 
age of paraffin did not in itself disqualify a tar oil as Diesel- 
motor fuel. He raised the paraffin proportion by steps to 
15.2 per cent., and worked motors with such fuels for more 
than fifty hours without experiencing any trouble. As, more- 
over, crude petroleum and gas oils of foreign origin, contain- 
ing considerably more than 2.5 per cent. of paraffin, answer 
perfectly in Diesel engines, the conclusion that the paraffin 
percentage was not, as such, a criterion for the suitability of 
a Diesel-motor fuel appeared to be justified. Mr. Rieppel 
thereupon resolved to investigate the whole problem with the 
object of ascertaining which oils and mixtures can be recom- 
mended and the cause of their suitability. ‘The experiments 
have been carried out in the engineering laboratories of the 
firm at Augsburg and Nuremberg, in the chemical laboratory 
of the Gewerbe Museum at Nuremberg, in the engineering 
laboratory of the Technical High School at Charlottenburg, 
and in the Institut fiir Gahrungsgewerbe (fermentation) in 
Berlin. Though the subject has not been exhausted, and 
investigation will be carried further, some important conclu- 
sions can already be drawn from Mr. Rieppel’s account of his 
research in the “Zeitschrift des Vereins Deutscher Ingenieure.”’ 
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We may also draw attention to a memoir on liquid fuels for 
internal-combustion motors, published by Mr. Kutzbach, a 
colleague of Mr. Rieppel,.in previous numbers of the same 
journal. 

As a tule, a 35-horsepower motor was worked under 
normal conditions in the thirty-eight series of experiments 
made on twenty-one oils and mixtures. All these materials 
were tested chemically and physically, and these latter tests 
were extended, for the sake of comparison, to some oils, of 
which sufficient quantities could not be obtained for long 
trials. The number of oils investigated thus comes up to 
twenty-six. One of the first materials tested was benzine. 
It proved very unsatisfactory. There were misfires and 
violent explosions, the exhaust would shoot out as a column 
of fire and soot, and pistons and valves became badly tarred. 
When the load was reduced below normal, the fuel would not 
ignite at all. Mixtures of benzine with tar-oils, especially 
the creosote and anthracene oil mentioned, worked better; 
at full load up to 4o per cent. of the latter products could be 
added to benzine; but such mixtures are not really to be 
recommended. 

The calorific values of the oils were obtained with Mahler 
bombs. For the determination of the viscosity, Engler’s 
method was first applied, and the experiments were conducted 
at 20 degrees centigrade (68 degrees Fahrenheit). As the 
viscosity changes with the temperature, however, it was 
thought best to measure the viscosity at the temperature at 
which the oil is forced through the atomizer. These temper- 
atures could not be determined directly—not even with the 
aid of thermo-couples—and the following indirect method 
was, therefore, resorted to: A 12-horsepower Diesel motor 
was fitted so that the atomizer could be removed 45 and 42 
seconds after stopping the motor, and immediately be dropped 
into a calorimeter. The temperatures thus deduced for the 
atomizer were 74 and 76 degrees centigrade. . These temper- 
atures are lower than might be expected, since the atomizer 
projects partly into the combustion space; but there is cool- 
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ing, directly through the oil and air injected, and indirectly 
through the circulating water; and a temperature of 80 de- 
grees centigrade (176 degrees Fahrenheit) was, therefore, 
adopted as the probable temperature of the oil at the moment 
when its viscosity has effect. So far as the experiments go, 
the viscosity is not a general criterion. A certain viscosity 
value may be most favorable for a particular kind of oil, but 
this viscosity cannot guide us as to other oils. Flash point, 
temperature of ignition and calorific values were also deter- 
mined, but none of these features seem to be guiding char- 
acteristics for the suitability of an oil. 

The elementary analysis, the determination of carbon and 
hydrogen and of their ratios, seemed to be a better criterion. 
The lignite-tar oils are mostly hydrocarbons of the fatty series 
corresponding to the formulae Cs Hor Ca Han+2. In the 
coal-tar oils the aromatic hydrocarbons, benzine (C,H,), and 
its derivatives, predominate, and they are relatively poorer in 
hydrogen than the oils of the former class. The combustion 
analyses, made in Dennstedt electric furnaces with the aid of 
platinized quartz, proved that the ratio H:C in the good 
Diesel-motor oils ranged from 1.53 to 2; while in the coal- 
tar oils the value of this ratio was generally below 1. The 
anthracene and creosote-tar oils previously mentioned gave the 
tatios 0.82 and 0.81, and were thus unsatisfactory ; by mixing 
them with paraffin oil the ratio can be raised to 1.39, however, 
and they then become fairly suitable. The distillation tests 
proved still more characteristic than the ratio H:C. The 
distillation, performed more conveniently in copper stills than 
in glass retorts, indicates what portion of the oil is volatilized 
or gasified at a certain temperature. When this distillation 
was watched it was seen that some oils would generate oil 
gas at a fairly uniform rate, while others would gasify irregu- 
larly in its fits and starts. The former oils are suitable, the 
latter not. The lignite oils showed, on the whole, a more 
uniform distillation then the coal-tar oils, and one understands 
why the former should constitute the better fuel. The Scot- 
tish tar oil, obtained from cannel coal and boghead shale, 
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ranked with the lignite oils, the gasification being quite uni- 
form. It differed from the lignites in so far as the lignites 
are completely gasified at a temperature of 400 degrees centi- 
grade, while the Scotch fuel leaves a pitch residue represent- 
ing 43 per cent. of the fuel bulk. The formation of a pitch 
does not appear to be injurious in a Diesel motor, however, as 
the subsequent combustion is sufficiently intense to burn all 
such solid residues. 

It was further of interest to study the behavior of the 
various fuels at high pressures and temperatures. The spheri- 
cal bombs which Mr. Rieppel constructed for the purpose of 
getting complete combustion records did not answer, and he 
adopted a simpler bomb of his colleague, Mr. K. Kutzbach. 
This bomb is cylindrical, with a disc flame, the stem being 
formed of two concentric cylinders; the annular space is 
charged with the oil, the thermometer inserted in the inner 
cylinder, and the bomb closed by screwing down the cover, 
to which the pressure gauge is attached, to its flange. The 
annular space has a capacity of 75 cubic centimeters, and it is 
charged with about 30 cubic centimeters of the oil, which is 
heated by Bunsen burners. Control observations made with 
steam and benzine charges demonstrated that the pressures 
and temperatures were not recorded quite correctly, but the 
accuracy appeared sufficient for comparisons. Plotting tem- 
peratures as abscissae, and pressures as ordinates, the experi- 
menters obtained curves which would first rise regularly, and 
then ascend steeply, indicating that the pressure first increased 
with the temperature, and that afterwards the further supply 
of heat did not cause any further rise of temperature, but 
increased the pressure, owing to decomposition and the gen- 
eration of gas. The gas is, according to Kutzbach, a mixture 
of hydrogen and hydrocarbons, and it is said to be the hydro- 
gen which first catches fire, a statement which appears to be 
disputable. In some cases the thermometer actually fell a 
little on further heating; this fall, if real, and not due to 
instrumental errors, might be ascribed to a dissociation of the 
gas. Crude petroleum gave a regular curve, indicating evapo- 
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ration without decomposition. Creosote and anthracene tar 
oils gave similar curves up to a certain point; then a lively 
gas generation set in. With Scotch liquid fuel and the lignite 
oils, this gas generation sets in at comparatively low tempera- 
ture, and that circumstance would explain the suitability of 
these oils for Diesel motors. With coal-tar oils the gas gen- 
eration becomes brisk only at higher temperatures, and they 
would not give sufficient gas for spontaneous ignition in the 
Diesel motor. 

The difference in chemical constitution may account for 
this different behavior. The coal-tar oils are rich in deriva- 
tives of the benzine series, whose benzine nucleus is not 
easily split up, and such a splitting up would have to precede 
decomposition. The lignite oils contain essentially hydro- 
carbons of the fatty series, whose side chains are more easily 
split up; liquid fuel naturally ranks with the lignites, being 
a shale oil. We also understand why a high percentage in 
hydrogen should be desirable, though the hydrogen percent- 
age does not directly decide the suitability of the oil as Diesel- 
engine fuel. The paraffins of the fatty series are rich in 
hydrogen, and the hydrogen in the resulting gas mixture 
burns readily. These conclusions are supported by the tests 
on carburetting oil which A. Spiegel has quite recently pub- 
lished (“Schilling’s Journal fur Gas und Wasser,” 1907, No. 
3); an oil makes a good carburettor if it is rich in paraffins. 

One pojnt, however, appears to be rather contradictory. 
Benzine was characterized as unsuitable for Diesel motors, 
while it answers perfectly in internal-combustion motors, and, 
being a uniform substance, it should give, and did give, a 
regular curve in the bomb. The discrepancy is explained 
by the different working conditions. In the gas motor the 
benzine vapor is drawn in, compressed by: the next stroke, 
mixed with air, and the explosive mixture is ignited by an 
electric spark. In the Diesel engine the liquid fuel is in- 
jected into the highly-compressed air, in which it is at once 
to catch fire spontaneously; the whole process is much 
quicker. That the Diesel engine will not work well with 
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benzine is no drawback, of course. If the mixture could 
locally be heated to higher temperatures, or otherwise be 
made to burn spontaneously, the Diesel engine might work 
with the less combustible coal-tar oils. Mr. Rieppel has 
made very satisfactory laboratory experiments in this direc- 
tion, and fed Diesel motors with coal-tar oils for weeks. The 
matter, however, remains, so far, in the experimental stage.— 
“ Engineering.” 


CORDITE. 


All the nitro-powders, being highly exothermic chemical 
compounds, in place of a mere mixture of reagents, such as 
common black powder, are much more liable than the latter 
to deterioration when stored under high temperatures. The 
disastrous explosion on board the /éa will be in the minds 
of all, and our own Navy and Army have also suffered from 
this unfortunate characteristic of the modern type of propel- 
lant, though, fortunately, on a much less serious scale. In 
December, 1899, a 6-inch cartridge on the Revenge ignited 
spontaneously, and two other cartridges in the same box were 
also found to have gone off, and last October a similar inci- 
dent took place on board the Fox whilst at Bombay. In the 
autumn of last year, moreover, there were two spontaneous 
explosions at cordite magazines in India. When it recently 
became known that the Home Office had laid an embargo on 
certain cordite manufactured by Messrs. Kynoch because it 
contained an unauthorized ingredient in the shape of mer- 
curic chloride, it was not therefore surprising that a large 
section of the public jumped to the conclusion that these dis- 
asters arose from defective ammunition purchased from the 
firm in question, and the politicians with socialistic leanings 
rejoiced in a new argument for the abolition of the private 
contractor. Unfortunately for their thesis, this ammunition 
turns out in each case to have originated from the Govern- 
ment factories at Waltham, and there is thus every prospect 
that the nation will continue to reap the benefit of the in- 
genuity and enterprize of private firms. 
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It is impossible for any one individual to know everything. 
It is, therefore, most important that the labors of the Govern- 
ment experts, able as these are, should be supplemented by 
the work of independent experimenters. Indeed, most of the 
radical improvements in armaments, from the Maxim gun to 
the submarine boat, have originated in this fashion. Cordite 
itself is no exception, for though it was first compounded in 
the Government laboratories, the authorities frankly admitted 
that their investigations were based on the pioneer work of 
Nobel. Again, until the introduction of the so-called Paima 
Trophy ammunition by the King’s Norton Company, the 
Lee-Enfield rifle proved inferior at long ranges to the Mann- 
licher and Mauser, whilst subsequently it held the advantage. 
It is, therefore, a matter for congratulation that the spontane- 
ously-ignited ammunition cannot be represented as the nat- 
ural outcome of a contractor’s “greed for dividends,” but was 
actually manufactured at Waltham, under the superintendence 
of officials as to whose complete honesty there is absolutely 
no question. 

Nevertheless, although our national forces have suffered no 
disaster from the ammunition supplied by Messrs. Kynoch, 
the action of this firm in adding mercuric chloride to the 
cordite supplied by them appears to be indefensible. In itself 
the addition does no harm, as the official experts admit, and 
it is quite possible that Messrs. Kynoch in all honesty be- 
lieved that the addition was actually an improvement. In 
such circumstances it is not uncommon for contractors to 
take matters into their own hands, incorrect as this may be 
from the standpoint of law and ethics. It is, for example, 
notorious that certain specifications for some special gun- 
metals for steam fittings specifically exclude the use of lead, 
yet all practical men know that a certain proportion of this is 
necessary if a sound casting is to be obtained. A small quan- 
tity is, therefore, quietly added by some foundrymen ; but it 
seems, in certain cases at any rate, to entirely disappear in 
the operation of casting, although, before vanishing, it has 
performed its desired function of causing the tin and copper 
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to form a satisfactory alloy. Where the interests concerned 
are, however, so large as in the present instance, no firm, no 
matter how well assured they may themselves be as to the 
resulting improvement of their product, have the right to vi- 
olate a clause of the specification drawn up by the experts 
held responsible by the nation for the quality of the ammu- 
nition supplied to our sea and land services. 

The objection to the presence of mercuric chloride in 
cordite has in some cases been misunderstood. It is not, as Mr. 
Haldane very clearly pointed out in his admirable speech on 
Tuesday evening, that good cordite is injured by the addition 
of this ingredient. Of this there appears to be no evidence, 
and Messrs. Kynoch, no doubt, believe that it is actually im- 
proved by it; but the fact remains that the presence of even 
a minute quantity of this compound will enable a bad and 
dangerous sample to successfully pass through the ordinary 
official “heat” test. 

In this test 20 grains of cordite are placed in a test tube, in 
the upper half of which is suspended a strip of filter paper 
which has been impregnated with a mixture of starch and 
potassium iodide. The upper half of this strip is moistened 
with a 50 per cent. solution of glycerine in water. The tube 
and its contents are then heated up in a water bath to 180 
degrees Fahrenheit, and at the end of a certain time, more or 
less prolonged, according to the quality of the sample,a brown 
line makes its appearance at the junction of the dry and 
moist halves of the paper. With a good sample of the regu- 
lation cordite this line should not appear till after the test 
has lasted twenty minutes. The brown coloration is due to 
the production of nitrous fumes, which liberate the iodine 
from the potassium iodide. The addition of alkalies, urea, or, 
above all, mercuric chloride to the sample renders the test 
invalid, the nitrous fumes liberated combining with the addi- 
tion, so that they consequently fail to reach the potassium 
iodide. This fact has long been known and has been recog- 
nized in the specifications governing the acceptance of nitro- 
powders, not only of our own, but of other governments. The 
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regulations of the United States Army Ordnance Department, 
for instance, say that “the presence in a powder of mercuric 
chloride, or alkali, or any other substance which may in any 
way mask the heat test, will be sufficient to cause its rejec- 
tion.” The specifications of our own authorities are equally ex- 
plicit, so that the action of Messrs. Kynoch in adding the mer- 
cury salt to the cordite supplied by them is, as already pointed 
out, quite indefensible. If persuaded that good cordite was 
made still better by the addition, their proper course was ob- 
viously to convince the authorities of this, and get them to 
amend the specification accordingly ; but in adding without 
permission a reagent which, it is admitted, would enable dan- 
gerous samples of the explosive to pass the official test, they 
accepted, even on the most favorable interpretation of their 
action, a most serious and dangerous responsibility. 

The authorities are evidently taking a sane and conserva- 
tive course in the matter. Instead of destroying without 
investigation many tons of what may be perfectly good and 
safe cordite, they are carefully examining and testing the 
whole of the doubtful stock. Some extremists in the House 
have taken the view that the Government should be held 
immediately responsible for the consequences of any decision 
which may finally be come to in the matter. Politicians in 
opposition are peculiarly prone to this contention, but in 
technical and scientific matters the real responsibility must 
rest upon the experts of a department, and not on the mere 
political mouthpiece. The latter is only open to blame if, 
after procuring the*best scientific advice available, he fails to 
follow it. In an analogous case, for instance, the responsi- 
bility for the success of a surgical operation must fall on the 
operator, and not on those who called him in.—Engineering.” 





‘* WHITE-FORSTER’’ WATER-TUBE MARINE BOILERS. 


The “ White-Forster” patent water-tube marine boilers are 
well known and have been largely adopted, especially for 
torpedo-boat destroyers for the British and foreign navies, and 
also for other vessels. Machinery fitted with “‘ White-Forster” 
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boilers, Fig. 1, shows the design of boiler as fitted to the des- 


troyer H. M. S. Ness. 





Fig. 1. 


Several important improvements have recently been made, 
and the accompanying illustrations show the latest types. 
Fig. 2, shows a 2,000 I.H.P. boiler for H. M. S. Cricket, coastal 
destroyer. 

The principal features of the “‘ White-Forster” boiler will be 
readily understood from Figs. 1 and 2. From these it will 
be seen that there are two lower water drums connected by 
the generating tubes to an upper steam and water drum, the 
water level being arranged as to entirely drown all the tubes. 
The radius of curvature of each tube isthe same, and the 
curvature is only sufficient to determine the direction of 
movement due to expansion, and also to facilitate cleaning 
and repairs. The tubes are arranged in position in a trans- 
verse section like staves in a section of a barrel, the continuation 
of the line of curvature of each tube, passing through the top 
drum in line with the end manhole, allows each tube to be 
inserted or withdrawn through this manhole, so that it is 
possible to withdraw any tube without disturbing the remain- 
ing tubes, and as every tube has the same curvature they can 
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be readily cleaned, internally, by a tube brush having a rigid 
handle curved to the same radius. The boiler and its casings 
are constructed entirely of mild steel, no castings of any kind 
being employed. Large downtake tubes are fitted. Ordinary 
manhole doors are fitted to all drums, studded doors being 
avoided. As the inclination of the generating tubes is con- 
siderable, and usually varies between 4o degrees and 60 
degrees, the circulation is definite and rapid, keeping the 
tubes free from deposit. No special water baffles or sepa- 
rator plates are found necessary, the usual internal steam pipe 
being sufficient to give dry steam. Special care is taken in 
designing.the casings and.uptakes so as to make the boiler as 
efficient as possible. Patent baffles are fitted so as to divide 
the uptake into two or more parts, in such a manner that the 
gases are drawn equally over the whole tube surface, and at 
right angles to it, without offering any resistance or increas- 
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ing the air pressure. Air holes are arranged at the sides and 
ends for the admission of air above the grate; sight holes are 
fitted for the inspection of the uptakes and combustion cham- 
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ber. Large doors are fitted at the front end, so that the whole 
length of tubes is exposed for cleaning, and a brush can be 
passed between the tubes from end to end of the boiler. 

With regard to steam efficiency, the following table shows 
average evaporative results from a recent test of a “‘ White- 
Forster” boiler with oil fuel : 


























Evaporation Trial, One Boiler. Full Power, Low Power. 
Duration of trial, hours......... voce ces cceconcssevercoes cesses ceoseecccooosscccees eve 2 2 
Heating surface, square feet..............cccccscseesecsssessseoees + 4,000 4,000 
Volume of combustion chamber, cubic feet. ....scssscssssssseesersessesesreecseeees 302 302 
Mean Results, per hour. 
Water evaporated (actual), powmdsic...ccccesssscoccccsessesccccsscces evccosecscsosccccscess 45,410 15,750 
OEE Beart, POURS 202000000 050 scccsssecccsesea sosccsennsesnsesccccoeee sooner conscusssecesseonscoosce 3,800 1,145 
Water evaporated per pound of oil fuel (actual), pounds., ............sss008-eeee 11.94 13.75 
from and at 212° F., pounds..........s0+« 14.5 16.7 
square foot of tube surface (actual), pounds............ 11.35 3.93 
from and at 212° F., pounds. 13.61 4-75 
Oil burnt per square foot of tube surface, pounds.......0..c0ssssssesseeees conseecesees 0.950 0.2865 
Combustion space, POUNAS......c0.--seeeeersersee cesses 12.6 4.82 
Steam pressure, pounds per square inch............ 205 to 212 ©0202 to 207 
Oil pressure, pounds per square inch....... cocccecee diductiniahidimidbcadipidiivatts 210 to 220 100 
Air pressure in stokehold, inches of water,............ccss-ssssesssessscesses seseesceeees 4-60 4.9 0.95 to 1.0 
Oil temperature at burners, degrees Fahrenheit........-....ccsssssssssssseeseessseees 2000215 180 tO 200 
Temperature of atmosphere, degrees Fahrenheit......s0+...++sse00 77 80 
stokehold, degrees Fahrenheit ............sesssessssrssseeeeesseverere 88 MAX, 90 tO 97 
i icircsciaicnetnGtimibicbacibiecdipalictinasmiiinbinigebaceeeeseabescrmmeaneiaathersents Gentstions Very light to nil. 
BBapembbor o6 Dearne Gt Wii cccn esses ecsscsccsne<cesctenndcescosesosecs 4 
Total for two hours, Water evaporated (actual), pounds 31,500 
Oe Re cic ccignc crete cctcnrsinntecsnibinigneiininctrecsens 2,290 





* Open } a turn. t+ Open } of a turn. 


VENTILATION AND REFRIGERATION OF AMMUNITION HOLDS. 


Translation of abstract of paper read at the Bordeaux International Con- 
gress in Naval Architecture, June 27, 1907, by ADRIAN BOCHET. 

The safety of ammunition holds has. always engaged the 
attention of naval architects, and for many years past meas- 
ures have been taken for isolating these holds, for protecting 
them against the various causes which may lead to an accident, 
and for inundating them in the event of danger. Modern 
powders, and the considerable development’ in the use of 
machinery on board ship, have increased the risks in a large 
proportion. Modern powders have excellent ballistic: proper- 
ties, but are also most unstable, and their instability increases 
very rapidly with an increase in temperature. By their grad- 
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ual alteration they also set free a quantity of inflammable 
gases which may give rise to explosive mixtures. The de- 
velopment in engines and boilers, in auxiliary engines, and 
in the extent of steam pipes laid throughout the ship, had led to 
a greater heating of the various compartments. The distribu- 
tion of the armament, and the necessity of providing ammu- 
nition holds in proximity to the guns to be served, have often 
resulted in the holds being in locations that are particularly 
unsuitable from the point of view of temperature. Therefore, 
concurrently with a gradual increase in sensibility to heat, 
which forms one of the characteristics of modern powders, 
causes tending to augment the temperature of the ammuni- 
tion have increased in a large proportion also, and numerous 
attempts have been made with a view to inure the artificial 
refrigeration of the holds. 

Cooling by ventilation alone is a simple and safe means to 
prevent the accumulation of explosive gases, but is quite in- 
sufficient to ensure a decrease in the temperature of the holds 
when the temperature of the air outside reaches 20 degrees 
(say 70 degrees Fahrenheit), and when the causes making for 
an increase of temperature in the holds attain a certain im- 
portance. The heating of the air which enters the ship 
occurs rapidly on contact with the warm bulkheads, by reason 
of its low specific heat. A rise of 10 degrees centigrade has 
often been noted for courses which appeared as short and di- 
rect as possible between the upper works of the ship and the 
fans placed in the holds. Cooling by the means resorted to 
in refrigeration holds, such as those for the transport of meat, 
appeared at first to constitute a final solution of the problem. f 
But this failed completely, owing to the very great difference | 
existing between these holds and those for storing ammuni- | 
tion. In the former there is no ventilation, and they remain | 
closed during the whole passage. They are also maintained 
at a very low temperature, and one result of this is that the 
small proportion of moisture contained in the local air on 
starting gets deposited on the products contained in the re- 
frigerating chamber, and does not, injure them in any way. 
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Ammunition holds, on the other hand, require ventilating. 
Even were one so imprudent as to do away with ventilation 
completely, or to reduce it in too large a measure, the require- 
ments of the service would demand the frequent opening of 
the hold, thus allowing every time the outside air to pene- 
trate into it. Finally, the temperature which it is suitable to 
maintain in an ammunition hold is much above o centigrade 
(32 degrees Fahrenheit). One result of this frequent renewal 
of the air in an ammunition hold is that the moisture it con- 
tains is condensed on all the surfaces which are maintained at 
a lower degree of temperature than that of the outside air, 
and the water which cannot be congealed, as in the case of a 
provision hold, trickles down the partitions of the holds and on 
the ammunition. This very grave disadvantage can only be 
avoided by cooling the air entering the ammunition hold, so 
that it is not at a higher temperature than that of the con- 
tents or of the walls of the hold. 

The only rational means to cool ammunition holds is to 
ventilate them with air suitably cooled, and this deduction 
has received the sanction of actual practice, as it is the only 
method of cooling which has prevailed so far. It has been 
applied to fourteen French battleships, which carry together 
forty-three ammunition-hold cooling plants, and to eight Rus- 
sian battleships, which are fitted with thirty-seven similar 
plants. It will be fitted also to the armored cruisers Wal- 
deck-Rousseau and Michelet, now in course of construction. 
The ammunition holds of these two ships are to be provided 
with zro-refrigerators, in which a circulation of artificially- 
cooled liquid is maintained constant ; the dynamo rooms are 
to be cooled by a similar installation, but with sea-water cir- 
culation. 

Until recently the maximum temperature which was 
thought advisable for ammunition holds was 35 degrees cen- 
tigrade (95 degrees Fahrenheit); now, however, this limit 
has been brought down to 30 degrees centigrade (86 degrees 
Fahrenheit). With the former limit direct cooling by sea- 
water circulation sufficed, as the temperature of the water 
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taken from a certain depth remained perceptibly lower than 
35 degrees centigrade in all parts of the world. The latter 
limit, however, can only be reached by having recourse to 
artificial refrigeration. 

ae The refrigerators for cooling the air consist of metallic sur- 
faces, on one side of which the cooling liquid circulates, the 
air to be cooled circulating on the opposite side. A pump 
ensures the circulation of the liquid, and a fan that of the air. 
The complete apparatus are built by Mr. F. Fouché, 38 Rue 
des Ecluses St. Martin, Paris. 

The extent to which refrigeration has to be carried de- 
pends upon the amount of heat which enters the hold; it is 
necessary, in the first place, to reduce to the lowest possible 
minimum this amount of heat. The afflux of heat in the 
hold is caused by radiation from the warm sides and by con- 
ductivity from the metallic pieces they contain, and which 
are connected to the heated sections of the ship. The meth- 
ods of obtaining a thermic insulation of the hold are the fol- 
lowing: Radiation from the warm sides can be reduced by an 
inside lining made of substances the conductive and emissive 
properties of which are low, such as cork and asbestos. An- 
other solution is to build a double wall, to obtain an air 
lining, in which case it is advantageous to ensure in the 
double wall a circulation of air at the lowest possible temper- 
ature. The circulation of a cold liquid inside the double 
wall will give most satisfactory results, provided the liquid be 
brought sufficiently in contact with all the metallic pieces 
that are liable to carry heat into the hold by conductivity. 

It is easy in principle to ensure the thermic insulation of 
the hold, but in actual practice the application of the various | 
methods is surrounded with great difficulties, owing to the | 
arrangement of the holds, the small space available, and the 
necessity of preventing every cause of damage to the ammu- | 
nition. The use of simple insulating inside coverings of a 
thickness proportional to the heating of the walls and the 
available space is evidently the most easy solution of the 
problem. As this method has hitherto proved of sufficient 
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efficiency, it has alone been developed in actual practice. 
The use of double walls with air circulation has, however, 
been successfully combined with the insulation of the sides. 

The use of a cold-liquid screen is surrounded by the follow- 
ing difficulties: In order to be efficient, there should be no 
break or interval in the current. It should reach the whole 
of the metallic pieces which are liable to cause heat in the 
hold by conductivity. All risks of inundating the hold in 
case of leakages have to be removed. The cold screen is con- 
stituted by a double wall, but it is absolutely impossible to 
give the space sufficient dimensions to allow a man to enter 
it in order to paint the plates and keep them in a good state 
of repair, this proscribing the use of all liquids, such as sea- 
water, which may corrode the plates. -The solution consists 
in causing to circulate inside the double wall a liquid, such as 
fresh water charged with oil, or milk of lime, with which 
there is no risk of corrosion. The total quantity of liquid 
thus circulating has to be as low as possible, so as to prevent 
in any case the risk of inundation of the hold. If a leak did 
occur, a small quantity of liquid only would escape without 
risk of damaging the ammunition. Simple means suffice to 
show when an accident of this kind has happened. 

The paper was accompanied by drawings showing how a 
hold could be insulated and the method followed for venti- 
lating it with cooled air. The combination is such that the 
injected air cannot be hotter than the sides of the hold, which 
prevents all deposition of moisture. The insulation of the 
hold is completed by the flowing of the exhausted air round 
the walls. The liquid and the air for ventilation can be 
cooled simply by sea-water or by means of a refrigerating 
machine, according to the temperature required to be main- 
tained in the hold. The amount of heat Q' penetrating 


through the walls is proportional to their surface | s, to the 


difference of temperature between the two sides 7—4#, and to 
the time. 

The number of heat units going through a given partition 
per unit of surface and time g', for 1 degree difference in 
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temperature, is determined experimentally. Numerous tests 
have established the figures corresponding to partitions cov- 
ered with the usual insulating material. The following 
formula is obtained : 


Q=(s(T—H¢q' 


for the unit of time. 

Further, the metallic parts, such as partitions, bulbs, stand- 
ards, projectile supports riveted to a warm wall, cause a 
quantity of heat to penetrate the hold ; this is 


— (5% (7 
P= fs (7-4, 
where s is the section of the metallic part considered ; e the 
distance between the point where the heat maintained at a 
temperature 7 penetrates, and the point whence this heat is 
emitted inside the hold, the temperature of which is ¢; g? 
being the number of heat units passing per unit of time and 
per unit of section of the piece, considered between two 
points, with the unit of length between them, and maintained 
at a temperature difference of 1 degree. 

Neglecting the amount of heat brought in by the Jersonnel, 
caused by the handling of the projectiles, also the entrance of 
warm air, the total quantity of heat penetrating the hold will 
be 


Q=A'+ @. 


This amount of heat has to be totally carried away by ven- 
tilation in order that the hold may be maintained at the 
required temperature. It is necessary, therefore, to send into 
the hold a volume of air Y capable of absorbing the quantity 
of heat Q, by being heated from its entrance temperature rt to 
an outlet temperature 6. The calorific capacity of air being 
0.3 heat unit per cubic meter, the following will be the for- 
mula : 

> Q 
~ 0.3(0—7) 
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It is necessary to ascertain that the volume of air thus de- 
termined meets the ventilating conditions of the hold accord- 
ing to the nature of ammunition it contains. 

In order to bring the volume of air Y from the initial tem- 
perature 6 measured at the moment it enters the refrigerating 
machine to the temperature @ measured at the outlet, the 
amount of heat given up by the air proper, by the water va- 
por it will contain after cooling, and that given up by the 
vapor which condenses, have to be deducted. 

The specific heat of dry air being 0.3 heat unit (calorie) 
per cubic meter, 

That of vapor being 0.48 heat unit (calorie) per kilogramme, 

The latent heat of water evaporation being 606.5 heat units 
(calories) per kilogramme, 

p the weight of water vapor contained in 1 cubic meter of 
air drawn, and 

f' that remaining in 1 cubic meter of the air after cooling, 

The formula for the heat to be absorbed will be 

QO! = V[(6 — 8) (0.3 + 0.48 p') + 606.7 (p — p')]. 

In designing the refrigerating machine it is necessary to 
add to this amount of heat Q' that resulting from the heating 
of the apparatus themselves, and of the pipes in which cold 
air and liquid circulate. 

The dimensions of the apparatus and of its auxiliary 
parts—the circulation pump and the fan—are deduced from 
the volume of air V flowing per unit of time, and from that 
of the cold liquid necessary to carry away the quantity of 
heat Q!' increased as aforesaid. 

It should be remarked that the power of transmission of 
heat of an ero-refrigerator from air to water is, so to speak, 
without limits; it depends solely upon the output. It 
‘ increases with the speed, so that the dimensions of the appa- 
ratus, suitably proportioned, are solely dependent upon the 
required pressure of the air and cooling liquid. 

Observations made on a number of installations show that 
the machines supply air easily at a temperature which does 
not exceed by much more than about 1 degree centigrade 
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that of the cooling liquid, whatever be the temperature of 
the air drawn into the machine. The water vapor contained 
in the air is completely condensed in the ero-refrigerator in 
a proportion which corresponds with the fall in temperature. 
pp The hold thus remains perfectly dry. 

Tests made on board the Sw//y, in the Far East, have 
shown that with temperatures of 31 degrees centigrade (87.8 
degrees Fahrenheit) for sea water, and 36 degrees centigrade 
(96.8 degrees Fahrenheit) for the air, the apparatus maintain- 
ed the hold at a temperature of 32 to 34 degrees centigrade 
(89.6 to 93.2 degrees Fahrenheit). 

The results of the other tests, and illustrations of the 
apparatus, were given in the paper.—“Engineering.” 


BRITISH STANDARD SPECIFICATION FOR INGOT-STEEL 
FORGINGS FOR MARINE PURPOSES. 


Ingot steel for forgings for marine purposes may be made 
by the open-hearth process, acid or basic, as may be specified, 
and as approved by the inspecting body. 

The forgings must be made from sound ingots, and for all 
important forgings (such as crank and propeller shafts, con- 
necting rods, piston rods, crosshead pins, etc.) the forgings 
must be gradually and uniformly forged. Not more than the 
lower two-thirds of the ingot is to be utilized for purposes of 
forging. The sectional area of the body of the forging (as 
forged) shall not exceed one-fifth of the sectional area of the 
original ingot, and no part of the forging (as forged) shall 
have more than two-thirds of the sectional area of the origi- 
nal ingot. 

The tensile strength of ingot-steel forgings for marine pur- 
poses, ascertained from standard test pieces, must be between 
the extreme limits of 28 and 40 tons per square inch. In all 
cases a margin of four tons per square inch shall be allowed 
between the specified maximum and minimum tensile break- 
ing strengths. The elongation, measured on a standard test 
piece, must be not less than 29 per cent. for 28-ton steel and 
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17 per cent. for 40-ton steel, and in no case must the sum of 
the tensile breaking strength and corresponding elongation be 
less than 57. 


TEST Piece A. 
FOR PLATES AND OTHER STRUCTURAL MATERIAL. 
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Nore --k will be observed that the widths given above, being 
maxima, do not exclude the use of the usual 1§ in. x 8 in. test piece. 





Test piece B. 
FOR GARS, RODS, AND STAYS. 
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TEST Piece F. 
POR TEST PIECES OVER 1 INCH DIAMETER 
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STANDARD TEST PIECEs. 


Cold-bend tests are to be made upon test pieces having a 
rectangular section of 1 inch wide by # inch thick. The test 
pieces shall be machined and the edges rounded toa radius of 
js inch. The test pieces shall be bent over the thinner sec- 
tion. Bend tests may be made by pressure or by blows. 

The test pieces must withstand, without fracture, being 
bent through an angle of 180 degrees, the internal radius of the 
bend being not greater than that specified below. 


Maximum specified tensile strength Internal radius of test 
of forging. piece after bending, 
Inch, 
32 tons per squareinch, ... . + 


Above 32 and up to 36 tons per square er 2 
36 and up to 4o tons per square inch, 
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BRITISH STANDARD STEEL BARS, ROUND AND SQUARE. 


Nominal size of bar. Hot rolled. rt et 
(Diameter or width across flats. ) Margin of Margin of 
manufacture. manufacture. 
Inches. Inch. Inch. 
SC a EEO Oe PO — .002 
Py Catt eae! 2 Se eee 
8 (.375), Me kc hee + .o10 — .002 
Fe CI 8.25 8 eB +.01I0 —.002 
4 (.5), ergot ae SS pao a a — .002 
Oe ee En ane ee — .002 
CU eS I ie SRO ae 
(i. Sas eee — .002 
CE Sr eS oe SP — .003 
; ‘ + .015 — .003 
SR(E EOE cn ele oe ee ae — .003 
SO Cha Ne OO Se eee ee 
is) ee rere — .003 
1S OS Be ae Se eee — .004 
TES SER ES oa ep ee eee 
99 Cl a SY EES ee — .004 
SE CRA eS OO ES ee eae — .004 
Be ge a ra a + .025 — .004 
2 to 4 inches, black square, . . . . +.030 
2 to 3 inches, bright round, . . . .  « — .005 
2 to 6inches, black round, ... . +.025 


GERMAN NAVAL POLICY AND THE NORTH SEA CANAL. 


A scheme necessary for the realization of the ambitious 
naval scheme of the German Government is the widening of 
the North Sea Baltic canal, which will involve a very heavy 
expenditure. The canal at present is of such dimensions as 
to limit the size, and particularly the width and draught, of 
battleships, and the advent of the Dreadnought made it im- 
perative on the part of Germany, if her warships were to 
equal the new types, to practically reconstruct the canal. To 
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this extent the Government will be handicapped in their 
effort to provide the funds for the building of ships. The 
extent of their expenditure on works will be appreciated by 
a description of the canal scheme now before Parliament. 

The section of the new canal, prepared in connection with 
the Government Bill before the German Parliament, shows 
a depth of 11 meters (about 36 feet) below average canal 
water level, and at this depth the breadth is to be 44 meters 
(about 144 feet); whilst the present depth is 2 meters less, and 
the breadth only half the proposed breadth. The breadth 
at the surface of the water will be about 340 feet, against 
223 feet as at present, and the water-carrying section is 
increased from 413 square meters to 825 square meters. 
This profile should answer all requirements, as far as these 
can at present be foreseen. 

These dimensions will allow of the bridges at Griinenthal 
and Levensau remaining, in spite of their comparatively 
small foundation depth. Should, at any time, a further en- 
largement of the canal section be required, the depth can, 
without difficulty, and without a very material increase in 
cost, be increased to 13.5 or 14 meters. Under such circum- 
stances the two high-level bridges already referred to would, 
however, have to be rebuilt. In order to avoid this contin- 
gency for the new high-level bridges the foundations of the 
latter will be carried toa greater depth. So as not to increase 
too materially the cost of the extension the present line of 
canal will, on the whole, be adhered to. 

In two places, the Obereidersee section and that between 
Holtenau and Levensau, a new line will be cut, so as to avoid 
some undesirable curves. These alterations in the direction are 
looked upon as indispensable. The former section (the Ober- 
eidersee) has proved unsatisfactory ever since the construc- 
tion of the canal. The high banks at the curves interfere 
with navigation by blocking the view and the sight of ap- 
proaching steamers, so that it is difficult to ascertain their 
speed. The section between the Levensau Bridge and the 
Holtenau Lock is equally awkward, inasmuch as the sharp- 
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ness of the curve places obstacles in the way of the passage of 
the large steamers, and proper regard to safe transit makes 
the doing away of these curves essential. The smallest per- 
missible curve should be 1,800 meters radius, whilst the one 
on the Levensau-Holtenau section is only 1,200 meters. The 
canal line must be straight on either side of the Levensau 
Bridge, as the section of the bridge for large steamers is only 
38 meters broad. It is also essential that vessels coming from 
the west should have an open view of the Holtenau inner har- 
bor and locks. Similar considerations make it also desir- 
able that the canal should be made distinctly broader at other 
sharp curves. 

For the purpose of increasing the efficiency of the canal the 
distance between the passing places will in the future be only 
a little more than six miles (10 kilometers). The experience 
gathered from the canal traffic in the past shows that this is 
the shortest distance there should be, and even that is con- 
siderably more than at several other canals; at the Suez 
canal the distance is only about three miles. Four of the pass- 
‘ ing places will be so constructed as to allow of turning, an ar- 
rangement which will allow a fleet passing through the canal 
to turn in comparatively short time. For the ordinary pass- 
ing places the bottom breadth is about 445 feet, and the 
breadth at surface of water 635 feet. At those intended for 
turning places the length is 3,670 feet, the breadth at bottom 
550 feet, and at surface of water 730 feet, with a turning cir- 
cle of 1,000 feet in diameter at the bottom. 

The locks at Brunsbiittel and Holtenau will be 1,100 feet 
long between the gates, 150 feet broad and 46 feet deep, with 
ordinary canal water level—that is, Baltic water level. The 
locks will consequently, even with comparatively low water 
level, still have a depth of 4o feet. The locks of the new 
Kaiser Harbor at Bremen are 735 feet long, 93 feet broad and 
35 feet deep at ordinary high water. The proposed depth of 
the canal locks will, as far as can be seen, be sufficient for the 
largest war and merchant ships. ‘These dimensions are all 
the more important at the Brunsbiittel lock, on account of its 
































798 NOTES. 


vicinity to the mouth of the Elbe, where damaged, deep- 
draught ships can be quickly conveyed to the interior harbor 
for repairs. In fixing the breadth due consideration has been 
given to the fact that the breadth is likely to increase in the 
shipbuilding of the future. Although the lock dimensions, oD 
perhaps, may be a little ample for the present time, the mar- 
gin is looked upon as unavoidable, as a possible later enlarge- 
ment of the locks would mean complete rebuilding. These 
large locks may also, it is claimed, prove a boon to the ship- 
yards on the Baltic, as they will allow of the large steamers 
built there going through to the North Sea.—“ Engineering.” 





BRITISH TARGET PRACTICE. 


The cruiser Azug Alfred, flagship of Vice-Admiral Sir 
Arthur Moore, Commander-in-Chief of the China Squadron, 
has made the following scores while at gunnery practice at 
Wei-hai-wei : 

With three 6-inch guns in one minute— 


Rounds. Hits. Bulls, 
II II II 
14 13 8 
13 13 9 


With her two g-inch guns in two minutes— 


Rounds. Hits. Bulls. 
10 IO 8 
9 9 7 


Altogether eighteen big guns fired 198 rounds making 188 
hits and 113 bulls. This remarkable record places the King 
Alfred far ahead of every ship in the British Fleet. 
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OIL-FUEL TURBINE-DRIVEN TORPEDO BOATS. 


There are given here several illustrations of the 26-knot tor- 
pedo boats built by Messrs. J. Samuel White & Co., Ltd., of East 
Cowes, Isle of Wight, for the British Navy, and there is repro- 
duced a plan of the machinery room and another view of the 
high-pressure turbine. These represent a new series of boats, 
of which twenty-four have been laid down since the first were 
ordered under the naval programme of 1905-6. Up to that 
time the torpedo boats had ranged in speed up to 25 knots, 
the largest being of 205 tons displacement, with a length of 
165 feet, 17 feet 6 inches beam, and 5 feet 6 inches draught ; 
the horsepower of the reciprocating machinery being 3,000. 
Those vessels were completed three or four yearsago. Later 
it was considered that a superior type of boat was necessary 
for even the tactical work undertaken by purely torpedo 
craft, in contradistinction to the over-sea offensive work of 
destroyers. The Board of Admiralty therefore decided to 
introduce a new type, which were at first classed as “ coastal 
torpedo-boat destroyers,” but this has since been changed to 
torpedo boats. In view of the great suitability of the Parsons 
turbine, as ascertained in exhaustive trials with successive 
destroyers—notably the Zden—this type of propulsive 
machinery was adopted. At the same time the Committee 
appointed over to investigate the advantages of oil fuel had 
solved the difficulties of the system, not only as regards the 
best means of vaporizing the fuel, but also of completely con- 
suming it, and the new boats were therefore designed with 
boilers to use only liquid fuel. As we have said, twelve 
boats were ordered, the design being left to the three firms 
with whom the contracts were placed. 

Messrs. J. Samuel White & Co., Limited, of East Cowes, 
secured the order for five, which was not surprising to those 
cognizant of the work done by the Isle of Wight firm, not 
only in connection with torpedo craft, but with high-speed 
light-draught vessels. The steady development of the tor- 
pedo boat, from the advent of the Lightning, about thirty 
y ears ago, had forced upon the minds of tacticians the neces- 
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sity for a vessel of the same type and of greater power to act 
as catcher or destroyer, and Messrs. J. Samuel White & Co., 
of Cowes, were the first to produce such a catcher, one vessel 
—the Swi/t—passing through successful trials in 1885, while 
another, two years later, of the same type but of larger di- 
mensions, proved equally successful, and was purchased by 
the then firm of Sir W. G. Armstrong, Mitchell & Co., and 
subsequently added to the Chinese Navy. Since then the 
firm have kept pace with the requirements of the naval strat- 
egist, and proof of their success is found in the fact that out 
of thirty-two of the modern torpedo craft with oil fuel and 
Parsons turbines, ranging from 26 to 36 knots speed, now 
under order, eleven are being built by the Isle of Wight firm. 

When the order for the vessel illustrated was placed, the 
firm were in an advantageous position for carrying out the 
undertaking. They held a license from Messrs. Parsons for 
turbine construction, but although no such engines had been 
made, new machine tools were rapidly installed for the pur- 
pose. This, however, was a matter of comparative simplicity. 
What was of more consequence was the necessity of securing 
the minimum scantlings for the hulls with absolute oil-tight- 
ness in those parts in which the fuel was to be stored. A 
complete series of experiments were entered upon, culmin- 
ating in the construction of a short length of vessel, of the full 
section, in order to practically test the system of riveting pro- 
posed. This enabled the constructional details to be settled, 
and it is interesting to note that other firms followed the same 
lines, and a paper on the subject was read at the Institution 
of Naval Architects last year dealing with experiments of the 
same description as those previously carried out at Messrs. 
White’s works (see ‘ Engineering,” vol. 1xxxi, pages 511 and 
802). The details of scantling thus having been determined, 
rapid progress was made with the construction of the first 
five vessels. All the boats were delivered before the contract 
date, the first anticipating the time by a month, and the 
fifth, which was handed over on the 8th of May last, by nearly 
three months. 























Fig. 2.—THe Cruistinc Low PRESSURE, AND ASTERN TURBINES. 











Fig. 3.—THE CRUISING TURBINE WITH Top COVER OFF. 

















Fig. 4.—THE HIGH-PRESSURE AND INTERMEDIATE-PRESSURE AHEAD 
TURBINES. 
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Fig. 5.—THEr Low-PRESSURE AHEAD AND THE ASTERN TURBINE 
(COMBINED). 
































Fig. 7.—METHOD oF TUBING WHITE-FORSTER BOILERS. 
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The first five vessels built by Messrs. White were 175 feet 
long, 17 feet 6 inches beam and ro feet 9 inches in depth, the 
displacement at 5 feet 8 inches draught being 245 tons. The 
vessels, as shown in Fig. 1, are fitted with a high whale- 
backed forecastle, with a bridge carrying a 12-pounder gun, 
while the three torpedo-launching tubes are mounted at inter- 
vals on the middle line; there is another 12-pounder gun aft. 
The feature of the ships, however, is the steam-generating 
plant and turbine machinery. 

The boilers adopted by the firm are of the well-known 
White-Forster type. Two illustrations showing the distinct- 
ive characteristics of this boiler are given (Figs. 6 and 7), 
one of which shows the work of putting in the tubes, which 
are of 1-inch and 14-inch diameter, while the other shows the 
completed boiler with all its fittings and with the liquid-fuel 
nozzles. The details of the oil-fuel installation—the result 
of costly experiments by the Admiralty—are very properly 
kept secret. The relation of grate surface to heating surface 
in the White-Forster boilers in these vessels is 1 to 60 square 
feet, and the practice in liquid-fuel installations is to provide 
2 square feet of heating surface for the equivalent of 1 indi- 
cated horsepower. The boilers have proved very satisfactory 
in these vessels, to which fact testimony is borne by the 
boiler being bracketed as an alternative type with the Yarrow 
boiler in the specification for the new high-speed cruiser 
Boadicea, which is being built at Pembroke as a mother boat 
for torpedo craft. There are two boilers in each torpedo 
boat, and these are accommodated in one stokehold, the fans 
for which are, as will be seen in Fig. 8, driven by engines in 
the engine room under the immediate observation of the en- 
gineer. The shaft passes through a stuffing box in the bulk- 
head. 

The general plan shows the engine arrangement, and on the 
other plates there are several views of the turbine in course of 
construction. On the center shaft there is a cruising turbine 
and a low-pressure ahead and an astern turbine, the latter 
two within one casing. On the port wing shaft there is a high- 
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pressure ahead turbine, and on the starboard side an inter- 
mediate-pressure ahead turbine. All four ahead turbines are 
in use for speeds up to 16 knots, steam from the boiler 
being passed to the cruising turbine, thence to the high-pres- 
sure turbine on the port shaft, to the intermediate-pressure 
turbine on the starboard shaft, to the low-pressure turbine on 
the center shaft, and, finally, to the condenser, which is placed 
on the port side of the ship. This arrangement of four com- 
pound turbines gives a great range of expansion, and has 
resulted in satisfactory economy even at low powers. For 
speeds above 16 knots the steam is shut off from the cruising 
turbine—which then works zz vacuo—and passes direct to the 
high-pressure turbine, thence to the intermediate, the low- 
pressure, and finally to the condenser. The turbines, which 
were constructed by Messrs. J. Samuel White & Co., are 
bladed on the Parsons system, and the details correspond 
with those generally adopted in torpedo craft. Fig. 2 shows 
the cruising turbine, with the low-pressure ahead and astern 
turbines to the rear. Fig. 3 illustrates the rotor of the 
cruising turbine, from which it will be seen that there 
are three stages. Fig. 4 shows the high-pressure and inter- 
mediate turbines, which are considerably shorter than the 
cruising turbine. On this view there is seen the valve for 
the passage of steam from the boiler direct to the high-pres- 
sure turbine. Fig. 5 is specially interesting, as it shows 
the rotor of the low-pressure and astern turbines in place, with 
the upper part of the casing raised, and the thrust shaft and 
vertical supports for lifting the upper part of the casing. Fig. 
9 illustrates the high-pressure turbine complete, with its steam 
valves. 

The contract called for the maintenance of a speed of 26 
knots during an eight-hours’ run, with 21 tons of oil fuel on 
board, and all five vessels easily maintained this condition. 
The mean results of the five boats were as follows: 


Speed on measured mile (Stokes Bay), knots 

Mean speed for eight hours, knots 

Consumption of oil for eight hours, tons 

Distance run per ton of fuel at a speed of 12.147 knots, nautical miles. 
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It should be noted that as the depth of water at Stokes Bay 
is not quite adequate for such high speeds the vessel will, in 
deep water, exceed the 27.107 knots attained on the measured 
mile. The consumption of oil averaged just under 2.6 tons 
per hour for 26.36 knots. On the earlier torpedo boats of 25 
knots speed, of which Messrs. J. Samuel White & Co. built 
several, the consumption was also 2.6 tons per hour, but the 
speed was lower (I mile per hour), and the displacement was 
30 tons less than the new oil-fuel turbine-driven boats, so 
that the result must be pronounced very satisfactory. It will 
be noted also that at 12 knots the vessels steamed 37.99 
nautical miles for each ton of fuel consumed, whereas the 
guarantee under the contract was 32 nautical miles, so that 
here, as in the matter of speed, there was a considerable 
margin over the stipulated condition. 

Messrs. J. S. White & Co. are building four more vessels of 
this type; the dimensions have been slightly increased—the 
length by 7 feet, the beam by 6 inches and the displacement 
by 10 tons—so that the new vessels are 182 feet long, 18 feet 
beam, and at 5 feet 10 inches draught they will displace 256 
tons. The estimated power to give them 26 knots is 4,000 
horsepower. ‘Two 33-knot destroyers are also in course of 
construction. These are 272 feet in length, have a beam of 
26 feet, and at 8 feet 8 inches draught the displacement is 
expected to be about goo tons. It is anticipated that the 33 
knots will be realized with a power equivalent to 15,500 in- 
dicated horsepower. Five other vessels of this class are being 
built, in addition to a 36-knot destroyer by other firms, and 
the performances of these various vessels on trial will be 
looked forward to with considerable interest.—‘‘ Engineer- 
ing.” 
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RECIPROCATING ENGINES FOR OCEAN-GOING STEAMERS. 


Paper read at the Engineering Conference of the Institution of Civil 
Engineers, Section III, Machinery, June 19, 1907, 
by HENRY DaAvEy, M. Inst. C. E. 


The propelling power of the ship begins with the fuel and 
ends with the screw. ‘The real fuel economy is the fuel 
required to drive the ship at a given speed. If the turbine 
requires a screw which is necessarily less efficient than that 
of the piston engine, it is the fault of the turbine system. 
Leaving out the boiler efficiency, the propeller of the ship is 
the engine and screw combined. In this connection, what is 
wanted for the purpose of ascertaining detail losses is not only 
the actual mechanical efficiency of the turbine, which Mr. 
Denny is trying to obtain by measuring the torsion of the 
shaft, but the actual thrust exerted by the screw in propelling 
the ship. I think an indicator for that purpose might be 
devised, but it should be an indicator for use with the ship in 
motion under normal conditions. 

The subject of ordinary reciprocating, or, to use a shorter 
word, piston, engines can better be discussed by comparison 
with rival systems, such as turbine and gas or oil engines, 
although the two latter are not at present used for large ocean- 
going steamers. 

On the question of fuel economy alone I have not been able 
to obtain any reliable information which would enable me 
to compare the piston engine with the turbine; but it does 
appear that the turbine has not beaten the piston engine in 
over-all efficiency—that is, taking engine and screw together. 

Economy of fuel must always be one of the most import- 
ant factors in steamship working, and it may be that the 
competition of the turbine will lead to improvement in the 
fuel economy of the piston engine, and possibly in an 
improved system of working. The turbine will doubtless be 
improved also. 

There is little hope of improved fuel economy from in- 
creased boiler pressure alone. The theoretical possibilities of 
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saturated steam at 100 pounds, 150 pounds and 200 pounds, and 
at 27.5 inches vacuum, are 8? pounds, 8 pounds and 7} pounds 
of steam per indicated horsepower respectively. ‘The best land 
engines give an efficiency ratio of about 70 per cent., corres- 
ponding with 12.5 pounds, 11.4 pounds, and 10.6 pounds res- 
pectively. That is a much better economy than is usually 
obtained with high-class marine engines. 

High-class land engines, owing to the use of the Corliss 
and drop types of steam valves, have much less clearance 
space; they have also a much better steam distribution, and 
often have reheaters between the cylinders. I do not see why 
Corliss or drop valves should not be used in marine engines. 
They might be placed in the covers of the cylinders, and the 
clearance spaces would in that way be greatly reduced. Re- 
heating between the cylinders might also be adopted on a 
plan to be named further on. 

The introduction of the turbine has given rise to a new 
arrangement of engines, an arrangement which appears to me 
to be advantageous for piston engines also—namely, the 
arrangement of three screw shafts with a turbine on each 
shaft, the center turbine, or high-pressure one, exhausting 
into, and supplying the steam for, the two low-pressure tur- 
bines working the side, or wing, screws. This arrangement 
of engines and distribution of steam appears to me to be suit- 
able also for piston engines. Each piston engine would have 
a separate reversing gear, and the gears would be actuated 
separately or together as desired. Another arrangement 
would be that of having a high-pressure piston engine for 
the center screw, exhausting into low-pressure turbines work- 
ing the wing screws. It would occupy too much space to go 
into details, but the scheme is worth consideration, as it would 
lend itself to a system of superheating the steam between the 
high and low-pressure engines. In many land engines steam 
is superheated between the cylinders by means of reheating 
coils supplied with boiler-pressure steam, but the amount of 
heat thus added to the steam is not sufficient to effect much 
saving. What is wanted is an effective superheater for the 
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purpose. It does not appear practicable to supply the heat 
from the boiler, but a separately-fired superheater, fired with 
gas from a gas producer, does not appear to present the same 
difficulties. An ordinary gas producer without gas-cleaning 
plant would answer the purpose. If a practicable system of 
what I will call stage superheating could be worked out, 
greatly increased economy would result from its application 
to both piston and turbine engines. 

The piston engine appears to be able to compete favorably 
at present with the turbine in every respect, except that with 
the turbine there is not the thud of the piston engine, there 
is probably much less vibration, and there appears to be a 
considerable reduction in the engine-room staff. Also, the 
cost of upkeep may be less; but only time and extended ex- 
perience can satisfactorily determine these questions. I do 
not know that the vibration due to screws alone would be 
more with the piston engine and three screws than it is with 
the turbine and three screws. Probably, as the cost of fuel 
is so important an item in the total cost, the race between the 
turbine and the piston engine will be won on the coal bill. 

Use of Gas Engines on Board Ship.—I am of opinion that 
there is little hope of the marine gas engine proving more 
economical in fuel than the piston or turbine engine. Apart 
from the question of fuel, the mechanical difficulties con- 
nected with the use of large gas engines for such a purpose 
are very formidable. If bituminous coal is used, a very ex- 
tensive gas-cleaning plant will be required, a plant quite 
unsuitable for use in a ship. If the gas is not thoroughly 
cleansed, tar gets into the engine and gives rise to troubles 
which could not be put up with during a voyage. The con- 
sumption of coal would probably be about 1? pounds per 
brake horsepower, a result which might be easily beaten by 
the present or improved piston engines or turbines. 

A better use of gas on board ship would be for the purpose 
of stage steam superheating for piston or turbine engines. 
A gas-cleaning plant would not be required in that applica- 
tion. Assuming the piston or turbine engine to be made 
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capable of working with an economy of 10 pounds of steam per 
indicated horsepower hour, the result would be much better 
than that likely to be obtained from the gas engine, even if 
the engine could be practically applied and made satisfactory 
in other respects. —“ Engineering.” 


PROPELLER STRUTS. 
Read before the Institution of Naval Architects, March 21, 1907, by 
GEORGE SIMPSON. 

The subject of suitable area for propeller-strut arms is one 
which, so far as the writer is aware, has not hitherto been 
dealt with in the transactions of this or kindred institutions, 
and has, for some reason or other not explained, been omitted 
fron the rules of the classification societies to whose require- 
ments so great a proportion of our vessels are built. Wit 
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STRUTS FOR THE PROPELLER SHAFTS ON A TORPEDO BOAT. 


the introduction of turbines for marine propulsion, and the 
consequent increase in the number of shafts, coupled with the 
fact that these structural fittings are of at least equal import- 
ance to rudder stocks, whose diameters have always been the 
subject of specific requirements, the subject of proportional 
sizes for these struts becomes worthy of interest. The object 
of the paper is to induce discussion on a semi-empirical for- 
mula, whose function is the determination of suitable dimen- 
sions for strut arms by a definite method, with a view to 
insuring proportional relationship between the area of arm, 
the horsepower transmitted and the overhang of struts. 

The present almost general practice of proportioning these 
directly on the horsepower and previous experience, or in 
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many cases individual opinion, has resulted in widely diver- 
gent results for similar work. This is probably more partic- 
ularly noticeable in the size of strut arms for the larger classes 
of naval vessels, where in many cases we find about twice the 
sectional area which would be assigned for an ocean liner of 
similar power, revolutions and overhang, although structur- 
ally the naval vessels are of lighter construction. The result 
is that many tons of valuable material and weight are lost to 
the builder and owner respectively. 

It would seem almost impossible to determine the stresses 
exerted on these strut arms, although the impression at first 
sight tends to the view that the pressure exerted on the boss 
journal by the overhang of arm would give a moment suffi- 

















STRUTS FOR THE PROPELLER SHAFTS ON A TWIN-SCREW FREIGHT 
STEAMER. 


ciently accurate to calculate an equivalent resisting moment 
of section with a suitable fiber stress. This view of the case, 
considering the bracket as a cantilever, would result in giving 
the greatest section modulus to the arms where they adjoin 
the shell palm, and tapering from thence to the junction with 
the hub. This was not an unusual design of struts when 
twin-screw vessels first came into general use. The few cases, 
however, in which propeller struts were carried away, showed 
conclusively that the greatest stresses, apart altogether from 
accidental causes, were those induced by centrifugal forces, 
and were alternating ones, causing vibration to the outer part 
of the arms where they joined the hub. These stresses should 
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be very slight with a perfectly-balanced propeller, and would 
be greatly augmented by a badly-balanced wheel or in a vessel 
of light construction, where there is a tendency for the after 
part of the vessel to “wiggle.” That such a movement does 
take place to a very appreciable amount came under the im- 
mediate notice of the writer on one of the 27-knot destroyer 
class-having a rudder of the usual overhung type, and a stock 
of exceptionally large diameter and of 36-ton steel, where the 
distance between the side of rudder and the propeller tips was 
1} inches measured in dock, and after trial trip, on redocking, 
the propeller tips were found bent over and the rudder plates 
excoriated with contact. The deflection of the rudder as 
calculated accounted for only about 2 inch of the original 
1}-inch clearance, so that the contact of propeller and ship 
was in a great measure due to this “wiggling.” 

The formula given comprises the factors P, the horsepower 
transmitted per shaft; A, the number of revolutions per 
minute; /, the outboard length of shaft, and a coefficient vary- 
ing with the revolutions, its function being the adjustment 
of the area solved to the varying length of strut. This 
function will be more evident from an example. 

As one of the factors in computing P is the number of revo- 
lutions per minute, it follows that for a given power there 
may be a great difference in the revolutions per minute, and 
consequently in the diameter of propeller, the larger wheel 
requiring a much longer strut to hold the propeller clear of 
deadwood, and, on the other hand, a high-turning propeller 
would take a comparatively short strut. It will be evident 
from this that, viewed as a cantilever, the shorter strut, hav- 
ing the lesser bending moment, would not require so great a 
section modulus to produce the equivalent resisting moment. 
In the example stated we have taken the case of P = 2,000, 
transmitted through a shaft turning at 80 revolutions per 
minute in a freighter, and a similar power given in a torpedo- 
boat shaft turning at 400 revolutions per minute. The out- 
board length / in the first case is taken at 300 inches and at 
310 inches in the high-speed vessel, as the latter would have 

















NOTES. 811 


much finer lines, accounting for a greater distance for the 
intersection of the center line of shaft with the side of vessel 
than would be the case in the fuller-lined freighter. We 


then have— 
For the For the 
freighter. torpedo boat. 


Inches. Inches. 
31 P+ PR _ 7 
Area —— 12 OS ae 24. 
V 06332 3 aie 
Length of section Z = | 5.333Atea = 19.7 11.5 
Breadth of section B = : 4.9 2.8 


If we assume 15 feet as the diameter of the freighter’s pro- 
peller, and 6 feet 9 inches for the torpedo boat, the diagram 
produced will show the difference in length of strut. If we 
were to assume a weight for propeller and outboard length of 
shaft for each case and apply this weight as a deadload for the 
purpose of comparing the ve/atzve intensity of the moments 
acting on each, we should find a very close agreement between 
the ratios of these compared with the moduli of section of the 
arms. Of course, it must not be inferred from this that the 
writer claims for the formula other than what it is, viz : a rule 
based on observation and practice, with an attempt, as already 
stated, to secure a fairer relationship between the scantlings 
of struts and the work they are designed for. 

The vessel referred to earlier in this article afterwards 
broke both of her propeller struts, with an interval of about 
three months between the accidents. Of course, it may not 
be right to attribute this altogether to the wiggling move- 
ment of the stern previously mentioned ; but there can be no 
doubt that it may have been a factor of no small amount in 
causing the fracture. The original struts of this destroyer 
were tapered from 7 by 14 inches to 9 by 1} inches with a mini- 
mum sectional area, where they broke, of 8 square inches. It 
will be seen on reference to ship No. 28 in the table of dimen- 
sions, that by the formula given, these struts should have 
been 29.8 square inches, and of section 12.6 by 3.1 inches. 
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The other cases in which there is a great difference between 
actual struts and the formula are Nos. 4 and 30, and in each 
of these vessels there is no doubt that the struts are danger- 
ously near the breaking point, the extreme frailty of the arms 
being quite observable on the ship. 


DIMENSIONS OF PROPELLER STRUTS AS FITTED AND BY FORMULA. 








Per shaft. As fitted. Per formula. 

No F eI LXB Area, Area, 

FP. Me. bene PRi\; » | square! 2~*)** | square 

inches. inches. inakeas. inches. } 2 sate 

IC | 13,000 | 126 648 1,020 | 33 XIO 259 26.26.5 | 128.0 
2C | 13,000} 123 552 | 959 |27 x 7 | 148.2 | 25.6<6.4 | 123.0 
3% 10,500 | 138 668 | 1,037 | 28 x 8 172.8 | 25.06.2 | 120.0 
458 8,000 | 200 | 289 | 773 ao: >< 3 45.0 | 18.1X4.5 | 61.4 
5C 8,000} 154 | 642 | 925 | 24 X 64) 122.2 | 22.5x5.6| 94.8 
6C 2,250| 172 | 372 | 524 |16 x 4 48.0 | 16.0<4.0 | 48.0 
7B 9,500! 120 | 319 | 714 |30 X 8 | 180.0 | 22.6%5.6| 95.5 
8B | 8,700/ 125.5) 296 686 | 24 « 64 | 122.2 | 21.4%5.4| 86.4 
9B 8,250! 120 | 357 | 714 | 33 X10 250.0 | 22.6X5.6 | 95.5 


10B | 7,600} 128 321 | 678 | 24 X 6$ | 122.2 | 21.2X5.3 | 83.7 
11B 5,000 | 120 356 597 24 xX 9 169.5 | 20.55.I 78.5 
2L 5,350} 90 390 573 | 24 X 64 | 122.2  23.25.8 | 100.6 
150 | 350 | 540 16 x 4% 54.0 | 17.4 4.3 56.8 
14CS | 3,000} 192 304 | 560 |18 XK 4 56.5 | 15.7<3.9 46.1 
15 PC} 4,700| III 360 | 573 18 « 4+ 63.6 | 20.8%5.2 | 81.5 
16 PC} 4,600} 105 340 548 (|18 & 5 70.6 | 20.9X5.2 82.4 
17 PC! 4,350} 113 340 | 551 |18X 5 70.6 | 20.35. 77.0 


o 
& 
w 
8 


18 PC} 4,000| 235 | 528 | 792 |20 X 6 90.0 | 19.3 70.0 
19 PC| 3,670; 106 360 520 |18 & 44) 63.6 | 20.3 77-5 
20 PC} 3,000] 112 | 368 | 498 |18 K 4 56.5 193 70.2 
21 PC) 2,600} 130 290 | 461 |18 X 4 56.5 | 17.3 56.0 
22 PC) 1,500} 100 169 | 6 
23 PC’ 1,300} 125 304 | 367 15 X 3+ 41.2 | 15.6> 
24 PC 840 | 156 408 | 377 |12 xX 4 37-5 | 14.3> 


5 
4 
5 
4 
4 
3 46.4 
3 
3 
25 F 3,500 | 125 630 | 651 18 x 4% 63.6 | 20.95. 
4 
3 
3 
2 
2 
I 
2 
I 
I 
I 
I 
O° 
° 


294 | 9 X 34 24.7 | 15. 


26 F 2,810; 125 | 337 | 491 22 xX 34 65.0 | 18.2» 
27D | 4,200| 364 | 483 | 904 | 15tX 2¢)| 27.0 | 14.5 
28 D 2,420| 370 | 380 | 698 | : 

29 T* | 2,000} 375 | 250 | 572 | 

30 Mt 165 | 180 110 | 3148 | 


OHEAAAH DO DH ANH DOOW De DH 
ws 
oa 
oe» 


7 x & 

5 xX 14 7.0 | 8.3 13.0 
31R 150 | 400 100 i ee ae 5-5 | 6.2x 7.1 
32 Y 200} 150 | 180 96 | & X23 13.0 | 9.9 18.5 
33 P* 300 | 600 go 253 | 5X 4.5 | 5.9> 6.66 
34 P* 250 | 500 72 208 sx 2 4.0 | 5.9xX 6.6 
Sale 200/ 550 | 80 207 | 3#<X # 2.2 7 5.6x 5-9 
36 P* 93| 500 | 72 149 34x #¢ 1.8 | 5.0X1.25| 4.7 
a7 pe 17 | 450 48 71 | aX 1.5 | 3.6Xo. 2.5 
38 P* 10} 400 | 42 mS 0.6 | 3.40.85; 2.2 








* Single screw with vertical strut. Strut was perceptibly too light. 

C=cruiser. S=scout. B=battleship. L= Liner. CS=channel steamer. PC = passenger 
and cargo steamer, F=freighter. D-=destroyer. T=torpedo boat. M=miner. K =river 
launch, Y=yacht. P=pinnace. 
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In support of the statement that in many cases the area of 
propeller-strut arms is assumed without due consideration, 
attention is directed to Nos. 1 and 2 in the table of dimen- 
sions, where it is shown that in almost similar cruisers a 
difference amounting to 75 per cent. is observed between the 
two vessels, showing that, as the lighter strut has performed 
its work satisfactorily on service, a weight of about 23,000 
pounds of cast steel has been sacrificed by the builder, and its 
equivalent lost in ammunition space. This is not an isolated 
case, and it is borne out by many examples. 

An interesting point to be noted in comparing the arms of 
struts required for single-screw vessels, where these are fitted 
vertically, is the much smaller area which the actual struts 
have in comparison with the formula results. With horizon- 
tal struts the case is reversed—that is, in the majority of cases 
the formula gives a slightly increased area over the actual 
brackets, except in the case of battleships and cruisers. This 
is probably accounted for by the fact that in the vertical posi- 
tion, the strut is theoretically not subjected to stresses as great 
as when it is arranged horizontally. 

It would be extremely difficult to state theoretically what 
fastening is required through the palms to the shell; but an 
investigation of a great number of struts showed that the 
proportion of sectional area of fastenings to area of strut arm 
ranged from 0.4 to 0.55, and the writer is of the opinion that 
0.5 would be a very good proportion for rivet or bolt area, and 
one that should give an ample margin of strength, as the 
stresses which these have to bear do not appear to be ex- 
cessive. 

In conclusion, it may be stated that the author has applied 
this formula for the past eight years to the determination of 
the propeller struts of a great number of vessels, in which the 
factors varied to the extremes found in such vessels as pin- 
naces, destroyers, scouts, yachts, freighters and liners. The 
table given will show how the results in these cases would 
have compared with everyday practice, had the scantlings 
been assumed in the ordinary way, the probability being that 
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in applying the formula a considerable saving in weight 
would have been effected.—“ International Marine Engineer- 
ing.” 


NEW VIEWS OF THE CAUSE OF THE CORROSION OF IRON. 


At the recent meeting of the American Society for Testing 
Materials, Dr. Allerton S. Cushman, of the United States 
Department of Agriculture, made the first public announce- 
ment of the very interesting investigations he has beer carry- 
ing on for several years on the causes which underlie the cor- 
rosion of iron. A number of new points were brought out, 
among which the most startling are that oxygen plays only a 
secondary réle in the rusting of iron and that the best pre- 
ventatives of rust are to be found among the most effective 
oxidizing agents known, such as chromic acid and its salts. 
This view is so contrary to all previous conceptions that it is 
naturally received with some incredulity when first heard, 
yet those who are familiar with the investigations and con- 
ceptions upon which the new theory of corrosion is based are 
of the opinion that the evidence which has been brought 
forward is not only convincing but conclusive. Dr. Charles 
B. Dudley, whose conservatism in expressing opinions on 
theoretical subjects is well known, stated at the close of the 
presentation of Dr. Cushman’s paper that he considered this 
work to be the most important contribution toa metallurgical 
problem that has been made in the last quarter century. The 
same opinion was expressed privately by others who are fa- 
miliar with the work. 

The fact that chromic acid and its salts act as inhibitors of 
rusting has been known for some time, but no explanation of 
the curious phenomenon has ever been offered heretofore nor 
has its application to practice ever been suggested. Dr. 
Cushman has made a special study of this problem, and 
although it remains to be seen what practical benefits may 
develop out of these new ideas, it is most gratifying to be able 
to state that if any patents are granted covering rust inhib- 
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itors they will be taken out in accordance with the practice of 
the Department of Agriculture, so that they will be free for 
all American citizens. The investigation was begun by Dr. 
Cushman as a part of his study of the corrosion of fence wire, 
in the interest of the farmer. A farmers’ bulletin on this 
subject was published by the Department of Agriculture 
about two years ago. It is safe to say that the public benefit 
which is likely to follow these investigations is on a par with 
the important economical benefits which will probably be 
derived from the same author’s researches on the decomposi- 
tion of feldspathic rocks and their use as fertilizers. Both of 
these investigations, made in the interests of the people, 
demonstrate the great national benefit which is derived from 
the scientific research of our federal departments, conducted 
by specialists of the highest rank. It is to be hoped that 
Congress will not fail to appreciate the advisability if not the 
necessity for providing the funds to carry on work of this 
kind, the expenditure for which is so small in relation to the 
public benefit. 

If a text-book is consulted for an explanation of the rusting 
of iron it will be found that carbonic acid has heretofore been 
generally held responsible for the formation of rust. Iron is 
supposed to be attacked by carbonic acid, with the formation 
of carbonate, which is then acted on by water and the oxygen 
of the air to form the red hydroxide known as rust, the car- 
bonic acid being again set free to take up its destructive work. 
According to this theory, in an atmosphere which did not, 
like that of this earth, contain about four one-hundredths of 
one per cent. of carbonic acid, the rusting of iron would be an 
unknown phenomenon. That this, as well as the peroxide 
hypothesis which has lately been developed in England, must 
be relegated to the dump pile of abandoned theories, seems to 
be conclusively shown by these latest researches. 

According to the electro-chemical or electrolytic theory 
which Dr. Cushman upholds, the first attack on iron is not 
made by oxygen, even in the presence of water, but by hydro- 
gen in the form of the hydrogen ion. According to the mod- 
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ern theory of solutions, many substances when dissolved in 
water are dissociated into ions, which may be regarded as 
atoms carrying static electrical charges. Water itself, even 
when pure, contains a certain proportion of hydrogen ions, 
and the presence of many impurities, especially those which 
are by nature acid, increases the hydrogen ions and thus the 
tendency to attack iron and carry on corrosion. The action 
is entirely electrolytic, being continually accompanied by an 
exchange of the electro-static relations between the iron and 
the attacking hydrogen. Such oxidizing agents as the chro- 
mate and bichromate of potash inhibit rusting by polarizing 
the iron to the condition of an oxygen electrode, thus pre- 
venting the approach or attack of the hydrogen ion. One of 
the most extraordinary points brought out is that this polari- 
zation effect is to some extent lasting. That is to say, if iron 
is immersed or “ pickled” in a concentrated solution of bichro- 
mate acid and is then washed and wiped, it is rendered pas- 
‘sive, so that it resists electro-chemical attack, whether this 
take the form of rust formation or the well-known plating 
out of copper which takes place if the chromated specimen is 
immersed in a dilute solution of copper sulphate. In short, 
the action which goes on when iron rusts is in every respect 
analagous to that which takes place when iron is immersed 
in a solution of a copper salt. In the later case, copper ions 
carrying positive electrostatic charges are present, iron passes 
into solution and assumes the electro-static charge, while cop- 
per plates out and becomes visible. When iron rusts, iron 
passes into solution while hydrogen “ plates out.” Once in 
solution the oxygen of the air oxidizes the iron to the insolu- 
ble form of the red hydroxide known as rust. This electro- 
lytic action can be shown taking place by the use of a special 
polar indicator which has been called “ferroxyl.” It follows 
from this that anything that will inhibit electrolytic action 
will act the part of a rust preventative. 

To what extent the various salts of chromic acid will come 
into use for the treatment of boiler-feed waters and for “ pick- 
ling” structural material will depend upon experiments car- 
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ried out on a large scale. Dr. Cushman himself is emphatic 
in pointing out the necessity for care and conservativeness in 
approaching the practical application of these purely scientific 
investigations. One of the modern problems in boiler prac- 
tice is the rapid corrosion of boiler tubes used in connection 
with turbine engines. The copper which is dissolved by the 
action of the steam jets impinging on the bronze blades of 
the turbine rapidly corrodes the iron in the boilers by the 
electrolytic action just described. Since it has been found 
that the presence of bichromates in feed water will prevent 
this action, it seems as though the solution of this important 
problem has been discovered. The engineering world will 
eagerly await the detailed publication of Dr. Cushman’s re- 
searches, as well as the results of the practical tests which 
are sure to follow.—‘‘ The Engineering Record.” 





GLAND TROUBLES WITH A STEAM TURBINE. 
By EDWARD RUSSELL. 


The old type of steam-sealed gland is used in the majority 
of turbines, running or under construction, in England, 
whereas in America the water-seal type is being adopted in 
all cases. The only complaint I have heard against the latter 
gland came from Kimberley, South Africa, where the water 
is so bad that it used to fill the water space in the gland with 
solid deposit, but this has been since overcome by using con- 
densed water. 

The water gland appears to be by far the more economical. 
For instance, with a machine running on a traction load, the 
exhaust from the relay valve cannot be used, for the simple 
reason that this varies exactly with the load, giving the 
largest exhaust when the load is the lightest. This would be 
a very serious drawback in a traction station, because at the 
heaviest load the glands would receive very little steam, with 
resultant loss of two or three inches of vacuum. This is 
overcome in traction work by sealing the glands with live 
steam, which is very wasteful practice on dccount of the relay 
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exhaust being entirely lost. In a large turbine this exhaust 
will amount to a number of pounds in an hour. Of course, 
in throttle governing, such as used by Willans & Robinson, 
this is eliminated. 

In lighting stations where the load is practically steady the 
relay exhaust works very well, but even here it has to be as- 
sisted with a little live steam. Vacuum has been seen to vary 
between three and four inches with steam from the relay 
valve alone; then when the load has practically dropped to 
zero, the steam has blown out from each gland in sufficient 
quantity to fill the engine room. 

Then, too, I have noticed another thing. The old-style 
ring packings answer splendidly for machines running non- 
condensing, but are useless for running condensing, as the 
packing immediately burns up, causing no end of trouble to 
get the grooves clean again. 

A large company in the north of England, which manu- 
factures turbines, tried a water gland of the paddle-wheel 
type. It practically consisted of two grooved collars shrunk 
on to the shaft with a paddle wheel between them. This idea 
was not given a fair chance, however, the result being that 
the whole thing was put in the lathe, the wheel turned off to 
a level with the two collars, then it was grooved and turned 
into a steam-packed gland. When these glands were put into 
service the fun began. The first one went on the machine 
that changed from non-condensing to condensing. The tem- 
perature being kept up by the sealing steam, the collars did 
not follow the contraction of the spindle ; consequently, they 
shifted on the shaft and started to rub. This added more 
heat, which helped to increase the expansion, resulting in 
showers of brass from the strips which were calked into the 
gland, at the same time setting up heavy vibration. 

Another one went in on starting up. The machine had 
been well warmed up and the glands sealed to pull a vacuum, 
with the result that when the machine had been running a 
few minutes both glands fired. Anyone who has not had the 
misfortune to witness a gland properly fired has no idea what 
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a brilliant display it makes. One thing is certain: If there 
is any loose part in the machine it will soon make itself evi- 
dent. 

These cases simply show one of the drawbacks to steam- 
sealed glands, especially. when using live steam with a gland 
simply shrunk on.—“ Power.” 


MODERN APPLICATIONS OF SUPERHEATING TO MARINE 
STEAM BOILERS. 


Paper read by ARTHUR SPYER, M. Inst. C. E., at the Engineering Confer- 
ence of the Institution of Civil Engineers, June 21, 1907. 

In dealing with this subject in a Conference note, it is only 
possible to make brief allusion to some of the interesting 
facts at disposal. 

Information on the behavior of superheated steam as a gas 
is still deficient, and some recent experiments carried out by 
Messrs. Knoblauch and Jacob, at Munich, show that the spe- 
cific heat at any given pressure is considerably higher than 
hitherto assumed ; that it diminishes as the amount of super- 
heat increases up toa certain point, and then rises again ; and 
these results will influence theoretical calculations made in 
connection with the subject. [Similar experiments are being 
carried out at the National Physical Laboratory, and they 
confirm the German results. ] 

Superheaters which have been applied for marine work 
may be divided into two classes : 

1. Those fitted in the uptake, and absorbing the heat from 
the gases of combustion after leaving the boiler. 

2. Those placed in the boiler in such a position as to ab- 
sorb heat from the gases during their passage through the 
boilers. 

As to the first type, the largest applications for marine pur- 
poses in this country have been made by Messrs. Thomas 
Wilson, Sons & Co., who in 1900 fitted the Claro with super- 
heaters. These superheaters consist of a series of multiple 
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U-tubes, with collectors at the inlet and the outlet. The re- 
sult obtained in the C/aro was so satisfactory that the system 
has been largely extended in the Wilson fleet, and they have 
at the present moment twelve vessels fitted or being fitted 
with superheaters. 

Owing to the low gas temperature available a large super- 
heater surface has to be provided, ranging from 4o per cent. 
to 50 per cent. of the boiler-heating surface, in order to give 
a superheat of 90 degrees to 140 degrees. 

As regards results, the 4/eppo, which has been fitted with 
superheaters, and runs with an average of about 150 degrees 
of superheat, has been carefully compared as regards coal 
consumption on her voyages with two sister ships, identical 
in other respects, running on similar service and at the same 
speed, but not fitted with superheaters; and it has been found 
that the coal consumption of the A/effo is 12} per cent. less 
than the sister ships over several years of service. 

In the case of the Martello, which is fitted with Babcock 
& Wilcox boilers, the result has been somewhat obscured by 
the fact that when superheaters were fitted new cylinders were 
also fitted, and the cylinder proportions were considerably 
modified from those originally obtaining. The saving was 
remarkable: the vessel now uses only three of her four boilers, 
she runs at the same speed on the same service as she did 
previously, and the coal consumption has been reduced from 
44 tons to 31 tons per day. ‘The amount of superheat used 
in the Martello is 90 degrees, the surface of the three boilers 
is 8,055 square feet, and the superheater surface 2,000 square 
feet. 

One of the most important questions is the condition and 
material of the working surfaces of the cylinders and slide 
valves. On this point Messrs. Wilsons’ experience is of great 
value, as it is found that there is no trouble whatever. A 
very small amount of lubrication is applied internally and on 
the piston rods. The oil used has the specially high flash 
point of 700 degrees, does not form an emulsion in the feed 
water, and is easily removable by an ordinary mechanical filter, 
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As regards material of the rubbing surfaces, cast iron is 
invariably used; piston valves are fitted in the high and 
intermediate cylinders and flat valves in the low-pressure cy]- 
inders, and it is found that the wear is in many instances not 
so much as in ordinary cases. Moreover, there is much less 
trouble with the piston rods and glands than where saturated 
steam is used, and there is less leakage from pipe joints, etc. 

As regards durability, a tube was cut from the Claro after 
five years’ service, and no wear could be detected in it; and 
recently I had a tube cut out from a superheater which has 
been at work in a boiler on shore for eleven years, and failed 
to detect any wearin it. This tube is on the table. 

The Central Marine Engine Works, of Hartlepool, have 
also installed several superheaters of type No. 1, one case 
being that of the /zchmona, in connection with quadruple- 
expansion five-crank engines, and a boiler pressure of 225 
pounds per square inch. 

The superheaters are fitted directly in the uptakes, below 
the air-heating tubes, and consist of a series of spiral coils, 
connected at top and bottom by cast-iron headers. The results 
obtained in the /zchmona were so encouraging that the sys. 
tem was repeated in the /uchdune, Inchmarlo and Nasovia ; 
and it is stated that the /uchdune and /nchmario have been 
able to run whole voyages on an average consumption of 1 
pound of coal per indicated horsepower hour. 

A vessel called the 7Zeutonic has also been fitted with 
superheaters, the superheater in this case consisting of a series 
of multiple [J-tubes. 

The economy directly attributable to superheating, from 
the data in the possession of the Central Marine Engine Com- 
pany, works out to about 8 per cent.; but it should be noted 
that the total degree of superheat imparted to the steam is 
only about 70 degrees. In the experience of the Central 
Marine Engine Company, no ill effects have been noticed in 
the working of the engines due to the use of superheated 
steam. 

As regards the superheaters of the second type—namely, 
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those placed in an intermediate position in the boiler—the 
only one which has been largely used is the Babcock-Wilcox. 
There are isolated cases of other systems, such as the Pielock 
superheater, which has been adopted in an installation of or- 
dinary cylindrical marine boilers in France, in a vessel called 
the Zarence. In this system the superheater is arranged in 
the water space of the boiler, and consists of a steam and 
watertight casing enclosing the heating tubes through a por- 
tion of their length ; the fire gases flow through the tubes of 
the boiler, thereby superheating the steam which passes round 
the portion of the tubes inside the casing. 

The Babcock-Wilcox superheater is applied in conjunction 
with the Babcock-Wilcox marine boiler, in which the gases 
are passed three times through the boiler-heating surface by 
means of suitable baffling, and the superheater is placed be- 
tween the first and second passes. By this means a gas tem- 
perature is obtained sufficient to impart a good degree of 
superheat with a moderate surface in the superheater. 

The first tests with this superheater were made in America, 
on a vessel called the 7. G. Wallace, fitted with boilers of 
5,800 square feet and superheaters of 830 square feet of sur- 
face. ‘The superheaters were placed in the first pass, but ar- 
ranged so that by a simple alteration of baffling they might 
be cut out of the circuit altogether; thus a comparison could 
be made using the same boilers in the same ship, and with- 
out superheaters. The result of these trials is given below: 


Saturated Superheated 


steam. steam. 
RE INN 4 inc <a cpaunesdacisccrtanees sudcosiegisctsagheatl 1,530 1,559 
Coal per indicated horsepower, pounds....... ....2....:++ sere 1.76 1.51 
Average steam pressure, pounds per square inch............ 238.7 237.6 
Main feed temperature, degrees Fahrenheit........... en es 192.7 195 
RSvOlutIONs POF WUNULC, ...0cc0eccccenscrececsercsesccesescoees -000ee 77 79 


From this it appears that the increased coal consumption 
due to using saturated steam was 16} per cent. 

A curious thing occurred in these two trials. It was found 
that when using saturated steam the power was developed 
with a somewhat earlier cut-off. The reason of this is not 
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very clear, because the same volume of superheated steam 
should contain sufficient heat to develop the same power, al- 
though, of course, the weight would be very considerably less. 

Following on the 7. G. Wallace, the American Navy made 
an experiment by fitting superheaters to four out of the eight 
boilers of the /zdzana. ‘The results were not published, but 
that it was favorable is certain from the fact that since then 
superheaters have been ordered for four other American war- 
ships. 

There are now under construction two sister ships of the 
J. G. Wallace, fitted with superheaters, and also a vessel 
named the Creole. This latter, when complete, will be of 
special interest, as the vessel is fitted with Curtis turbines, 
working at 250 pounds pressure. The principal particulars 
of this installation are as follow : 


TOT, TO i pices 9s ons sanoanesenviinisercnsetendbheoxdiuirnestiaaate 7,500 
Heating surface in boilers, square feet..............sccccscsscssscoceese socescees 28,150 
Heating surface in superheaters, square feet......c0....csccseeesseeesseeeeeees 4,350 
Gente RO MG TI. i5dvincds Since sch cde shbcnnicedscsammambabudeaettetc cebieelved 783 
De raeeeee OF Na ais nn cncstnsioneicrecccsosivencsaicnpotasapbebatieneperoeneneanenears 10 


Recently the Admiralty decided to fit superheaters to six 
of the boilers in H. M. S. Britannia. A boiler fitted with 
superheater was erected in the test house at Messrs. Babcock 
& Wilcox’s works at Renfrew, and four trials were made at 
rates of coal consumption varying from 14 pounds to 30 
pounds per square foot of grate per hour; and a noticeable 
point in the trials was the constancy of the superheat, which 
varied only from 75 degrees to 91 degrees. This is of import- 
ance, as for navy purposes the rates of working vary consider- 
ably; and it is therefore necessary that the superheaters 
should be so designed that the superheat obtainable should be 
as nearly as possible constant. 

A series of tests were carried out by the Admiralty on the 
official sea trials of the vessel. The first two trials were of 
special interest, as in one case six boilers were used without 
superheaters, and in the other case six boilers with super- 
heaters. The results obtained are as follow: 
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Six saturated Six superheated 
steam boilers. steam boilers. 


Nenad TUNE 6 oo Ss ssid css satin cnc dpaionnes 3,521 3,410 
Coal per indicated horsepower, pounds.................+. 2.07 1.77 
Water per indicated horsepower : 

Main engines, POunds...........cccccccsssccccecssceccsseeees 16.92 13.63 

Auxiliary engines, pounds .............ceccescsesessesereees 4.1 4.56 

Total, engines, POUumds. .. ...000000800ccccesssccesccescosseese 21.02 18.19 
Steam pressure in boilers, pounds, per square inch... 196.3 200.0 
Superheat at boilers, degrees............++ sghiciapnatunaien pa 924 
Superheat at engines, degrees ...,...........cceesecsseeeeses ae 83 
Feed temperature, Gegrees......0..6..2.ccccccscsrccsescesceees 72.0 65.6 
Water per square foot of heating surface actual, 

MINED caccicind aphurttwisnscrepamerbeinneseacspesoens icmnainen oes 5-5 5.17 
Coal per square foot of grate, pounds...............cece00e 17.6 14.5 
Temperature in uptakes, degrees.............:ssseseerseeees 398 347 


In reference to these trials a curious feature appeared. Ap- 
parently the water consumption in the auxiliary engines was 
increased from 4.1 pounds per indicated horsepower using 
saturated steam, to 4.56 pounds per indicated horsepower 
using superheated steam. The reason for this is not clear, as 
the auxiliary engines, which are most of them of the simple 
expansion type, are just those which should show a consider- 
able gdin in economy when using superheated steam. 

A trial was also made at 7,000 horsepower with the same 
two groups of boilers at work, one set on the starboard 
engines, the other on the port engines. The engine water 
consumptions were 13.26 pounds per indicated horsepower 
with superheated steam, against 15.01 pounds with saturated 
steam, each engine developing 3,500 horsepower. The uptake 
temperature recorded was 346 degrees for the superheater 
boiler and 370 degrees for the saturated-steam boilers. 

On the subsequent trials of the Brztannia, at 13,000 horse- 
power and at her full power of the 18,000 horsepower, the 
boilers with superheaters showed a lower uptake temperature 
than those without superheaters; at 13,000 horsepower the 
difference was 29 degrees, and at 18,000 horsepower it was 7 
degrees. 

Experience, therefore, would appear to show that with 
reciprocating engines, when properly adapted for the use of 
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superheated steam, a high degree of economy is obtainable, 
and that no detrimental results arise from its use. There is 
apparently no reason, seeing that turbines can be constructed 
to use superheated steam satisfactorily for land purposes, why 
they should not also be constructed to use superheated steam 
for marine purposes; and developments in that direction 
would appear to be the next step, as already indicated in the 
American vessel Creole, with Curtis turbines. 

There are, I believe, some other owners who have used 
superheaters for marine work, but there is, unfortunately, not 
any information available as to the experience obtained with 
them ; and I can only hope that this brief indication of some 
of the results actually obtained with superheated steam for 
marine purposes may be of interest. 


A NEW TORSION METER. 
By B. HopKINSON and L. G. P. THRING. 


With the increasing use of turbines for marine propulsion 
the problem of directly measuring the power delivered toa 
shaft by the engine has become of pressing importance. Sev- 
eral instruments for this purpose have been designed and have 
proved more or less satisfactory, the best known being that 
of Messrs. Denny & Johnson, which is now considerably used. 
All these instruments measure the twist in a length of the 
shaft, whence, knowing the rigidity of the shaft and the speed 
of revolution, the horsepower transmitted can be at once de- 
duced. In Messrs. Denny & Johnson’s torsion meter, and in 
the others with which the authors are acquainted, it is neces- 
sary, in order to secure reasonably accurate results, that a 
considerable length of shafting be taken. In Messrs. Denny 
& Johnson’s apparatus two wheels are clamped to the shaft 
as far apart as is conveniently possible, and the relative dis- 
placement of these two wheels produced by twisting of the 
shaft is measured by an electrical device. According to 
figures given by Mr. Archibald Denny at the meeting of the 
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Institution of Naval Architects in March, 1907, the displace- 
ment at the periphery of the wheels can be determined correct 
to ;4, inch, a remarkably good result, considering the nature 
of the means employed. If we assume that the wheels are 
three times the diameter of the shaft, and that the shear in 
the latter at its periphery, when running fully loaded, is 
sysy the corresponding displacement at the surface of the 
wheels, if placed 50 feet apart, will be 3 < 53%, = .075 foot, 
or ;*; inch. Thus, under these circumstances, an error of 
r+y inch in measuring the relative displacement of the two 
wheels amounts to about 1 per cent. on the full-load twist of 
the shaft. Ifa length of only ro feet were available, the cor- 
responding possible error would be 5 percent. It may be 
assumed, therefore, that a length of the order of ro feet is the 
minimum which will give good results with this form of ap- 
paratus; and Mr. Denny, at the meeting referred to, stated 
that they rarely made use of less than 15 feet or 20 feet of 
shafting. This requirement, while not militating greatly 
against the use of the apparatus in big ships where there is 
plenty of room round the shafting, and considerable lengths 
are easily accessible, seriously restricts its application in 
small vessels. 

It should be observed that with a given ratio of wheel 
diameter to shaft diameter, the length of shafting required to 
secure a given percentage of accuracy is independent of the di- 
ameter of the shaft ; for all shafts when fully loaded are sheared 
by approximately the same amount at the periphery. Thus two 
points a given distance apart on the surface of any shaft will 
be relatively displaced by a constant amount, independent of 
the diameter of the shaft, which may be taken as about one 
two-thousandth part of their distance apart. It is this rela- 
tive displacement, magnified in the ratio of the wheel diam- 
eter to the shaft diameter, which is really measured by these 
torsion meters. 

In the authors’ apparatus, described in this paper, the length 
of shaft in which the twist is measured may be reduced to 
about 12 inches, the twist being measured correct to 1 per 
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cent. of the maximum which the shaft can transmit in normal 
working. Figs. 1 and 2 show one of the earliest forms that 
were tried; it was subsequently altered considerably in detail, 
and is given here only because it is easy to follow the prin- 
ciple in it. The sleeve A is clamped to the shaft by screws 
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in the plane 1, 1. The collar B is similarly clamped in the 
plane 2, 2. On the collar is mounted a mirror M which is 
pivoted in a frame carried on the collar, so that it can turn 
about an axis at right angles to that of the shaft. .The axis 























of the mirror carries a short arm which engages with a flat 


. plate C carried on the free end of the sleeve. Twist of the 


shaft between the planes 1, 1 and 2, 2 causes the plate C to 
move relative to the supports of the mirror, thus tilting the 
latter about its axis. When the shaft is in the position shown, 












eg ee eee ee a <a 


— Pe A eS ae 





$28 NOTES. 


the mirror, which is concave, forms (on a ground-glass screen) 
at D an image of a straight-filament lamp placed at E. When 
the shaft twists so that the mirror turns, this image is dis- 
placed to D’ through a distance which is proportional to the 
telative motion of sleeve and collar, or to the twist in the 
shaft between the planes 1, 1 and 2, 2. If the shaft is revolv- 
ing, the image is still formed momentarily once in each revo- 
lution, and its position can easily be seen. Assuming that 
the distance between the planes 1, 1 and 2, 2 is 12.5 inches, 
and that the shear at the surface of the shaft is 5)455 (which 
about corresponds to normal full-load running), the relative 
displacement of the points of attachment of the sleeve and 
collar will be 0.00625 inch, and this, as already explained, 
will be the same whatever the diameter of the shaft. In the 
apparatus constructed by the authors the distance of the actu- 
ating plate C on the collar from the center of the shaft is 2.9 
times the shaft radius. The movement of the plate will then 
be 2.9 times that of the surface of the shaft, or 1.8 hundredths 
of aninch. The corresponding angular displacement of the 
mirror will depend upon the radius of the arm; in the appa- 
ratus, as constructed, this is 0.3 inch, and the mirror is tilted 
through an angle of ee =0.06 of a radian. The angle 
through which the reflected beam is displaced will be double 
this, or 0.12 of a radian. Thus the linear displacement of the 
image corresponding to full-load running will be 0.12 of the 
distance from the screen to the mirror. Good definition can 
be obtained if the latter is 60 inches, giving a displacement 
of 7.2 inches. With an ordinary spectacle lens, silvered to 
form a mirror, it is quite easy to read the position of the image 
correct to 5; inch, which corresponds to less than 1 per cent. 
of the maximum working torque for which the shaft is de- 
signed. 

It is evident, therefore, that so far as magnification is con- 
cerned, the twist in a short length of shaft can be read quite 
sufficiently accurately by this method. It was found, how- 
ever, that in the form of apparatus described above, when 
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used on small shafts, the bearing between sleeve and collar 
was apt to be strained in putting the instrument on or by 
bending of the shaft. Friction was thus set up, which 
caused error in reading, partly from the resulting deformation 
in the instrument, and partly because the shaft was relieved 
of part of the torque which was transferred to the instrument. 
The attempt at a complete constraint between the two mem- 
bers was therefore abandoned, and a partial constraint was 
substituted which permitted motion in certain ways, and so 
practically eliminated friction. At the same time the mirror 
and actuating plate were so disposed that relative motion of 
sleeve and collar other than pure twist produced no motion 
of the mirror. Such motions necessarily occur in ordinary 
working, in consequence of bending of the shaft, and, as the 
motion of the actuating plate is only about ;/,-inch, they may 
cause serious errors unless eliminated. The manner in which 
this result has been secured will be apparent from the detailed 
description of the apparatus as used, which follows. 

In the engravings, Figs. 3 to 5, A is the free end of the 
sleeve, and B the collar, each being made with deep flanges 
for stiffness. They are split into halves, so that the appa- 








ratus can be fitted over the shaft when in place. Three screws 
with rounded ends are used for clamping: .one set at the end 
of the sleeve, and another set passing through the central 
plane of the collar. An extension of the sleeve passes through 
the collar and engages with the round ends of the screws G, 
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G carried on the collar, being held up into engagement with 
them by means of a spring H. The end of the sleeve is other- 
wise quite free. The elasticity of the sleeve and the slight 
“give” in its clamping screws are sufficient to allow of its 
coming to a bearing on the screws G, G, without much pres- 
sure on the spring H, even when the shaft is slightly bent. 
The mirror is carried in a frame fixed to the flange of the 





Fig.d. 
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collar in such a manner that the mirror axis passes through 
the shaft axis. The mirror axis carries a small steel ball at 
its outer end, which engages with the plate C. This latter is 
fixed to an arm carried on the sleeve flange and passing 
through a hole in the collar flange, and its face is parallel to 
the shaft axis. The ball on the end of the mirror is approx- 
imately (in theory it should be exactly) in the plane of the 
screws G. With this arrangement it is obvious that any rel- 
ative movement of plate and mirror, except that due to twist, 
will either be prevented by the bearing against the screws G, 
or will be innocuous, owing to its being in the plane of the 
plate C. Thus bending of the shaft in the plane of the mir- 
ror axis will merely cause the plate to slide over the ball at 
the end of the mirror arm; shortening of the shaft due to 
thrust has a similar effect ; bending in a plane at right angles 
to the mirror axis is also without effect, because the ball at 
the end of the mirror is in the plane of the two screws G, G. 
When the two halves of the sleeve and collar are taken apart 
they are kept in their relative position by the rods D, D, 
which, while stiff enough for this purpose, are sufficiently 
elastic not to affect the reading when the apparatus is on the 
shaft. ; 

The apparatus was first tested statically on a shaft of the 
same diameter, and probably of the same material, as the tur- 
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bine shaft upon which it was ultimately to be used. This 
shaft was 3? inches in diameter, and was mounted in the works 
of Messrs. J. I. Thornycroft & Co., Limited, with arrange- 
ments for applying a torsional load equal to about half that 
which it was to transmit when at work. It was found that 
the dynamometer reading was proportional to the load within 
I per cent. of the maximum applied throughout the whole 
range. The absolute twist in the shaft was also measured 
direct by pointers carried at the twoends. The modulus of 
rigidity for this shaft was thus found to be 11,800,000 pounds 
per square inch. There were slight signs of hysteresis, but 
these were not of any practical importance. The instrument 
was then fixed on the port wing shaft of the torpedo boat 
Greenfly, which is driven by the low-pressure turbine. The 
readings were taken during the Admiralty trials of the boat 
on March 25, 1907. On that day the boat did circling trials, 
and stopping and starting trials, so that the changes in power 
on the shaft were frequent and severe. With full steam in 
the turbine the shaft ran at 1,230 revolutions per minute, and 
the reading on the ground-glass screen, which was placed 57 
inches from the mirror, was then 8.75 inches, corresponding to 
1,100 horsepower. The deflection could be read easily cor- 
rect to z/, inch, or less than 1 percent. The zero was deter- 
mined by allowing the propeller to drag the turbine round 
with a good vacuum in the casing. 

Two readings were taken, first with the boat going ahead, 
and, secondly, with the boat going astern, with moderate 
speed in each case. The mean of these readings, which dif- 
fered by ;4; inch, were taken to be the zero. In the first half 
of the day’s run the zero was found to have changed by 0.35 
inch, corresponding to an error of 4 per cent. in the torque at 
maximum power. It is probable that this change was due to 
a slight shift of the scale, which was rigged up on packing 
cases in a very temporary fashion. Just before running home, 
after the trials, the zero was again carefully determined, and 
the boat then ran at full power for half an hour, care being 
taken to fix the positions of the lamp and scale. It was found 
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that during this run the zero had not shifted by so much as 
zy inch. Altogether the apparatus was running round for 
about eight hours, and was not touched in any way during 
that time, except once when the clamping screws were 
slightly tightened. It was brought down on the morning of 
the trial and fitted on to the shaft in about half an hour. 
The maximum length of shaft exposed in this boat is about 
15 inches, and the clearance between the shaft and the ves- 
sel’s plates is there about 8 inches; this is just sufficient to 
get the apparatus in. There is, of course, no independent 
means of checking the accuracy of the results obtained on a 
trial of this kind. But the facts that, when tested statically, 
the deflections were proportional to the twist of the shaft, and 
that when running the zero did not change, leave no doubt 
that the power readings when running must also have been 
correct to within 2 per cent., and probably within 1 per cent. 
of the maximum power transmitted. 

The apparatus can be fitted on to a shaft of any size smaller 
than the bore, within reasonable limits; that designed for a 
34-inch shaft works quite satisfactorily on a shaft of 2 inches 
diameter, and would, no doubt, work down to 1} inches. The 
over-all diameter is about 2} times the diameter of the largest 
shaft it will take. As regards length, the greater the length, 
of course, the greater the accuracy ; but a length of 1 foot or 2 
feet isample. This length will suffice, whatever the diameter 
of the shaft, but the larger the shaft the easier is the accurate 
measurement of the power ; because, while the linear displace- 
ments to be measured are the same, the disturbances due to 
bending and vibration become less. 

The instrument, of course, measures the instantaneous value 
of the torque in the shaft at the moment when the reflected 
beam from the mirror strikes the screen. If the torque varies 
in the course of a revolution, as it will do with a reciprocating 
engine, it is necessary to measure it at several points and to 
take the mean. This can be done by using several mirrors 
placed at intervals round the apparatus, or by the use of more 
than one screen. In a turbine-driven shaft the torque will be 














NOTES. 833 


fairly uniform, though it will doubtless vary slightly with the 
position of the propeller blades in relation to the hull and the 
water surface. 

Since carrying out the above-described tests we have learned 
that Mr. Hermann Frahm, of the firm of Messrs. Blohm & 
Voss, Hamburg, has been working at the same problem as 
that with which we have dealt, and has arrived, quite inde- 
pendently, though a little later in point of date, at a very 
sinilar solution. We understand that apparatus of the kind 
designed by Mr. Frahm has lately been tried on a German 
steamer, and has proved satisfactory. Mr. Frahm’s apparatus 
is apparently the same as ours in principle, but differs from it 
in detail to a certain extent. 

The apparatus as we have designed it can be easily applied 
to factory shafting, and will, we hope, prove useful for this 
purpose as well as in marine work, especially to those who 
have to put in electric motors for driving such shafting, and 
so require to know the exact power taken by a particular 
machine or set of machines.—‘‘ Engineering.” 





RECENT DEVELOPMENTS OF THE GASOLINE LIFEBOAT. 
By GEORGE E. WALSH. 


The evolution of the lifeboat has been coextensive with the 
growth of the life saving service of the leading nations of the 
world, and as no single country can claim a monopoly of 
patroling the coasts in the interests of humanity and property 
it is equally evident that the improvements in lifeboats is the 
result of the combined efforts of many nations instead of one 
or two. While the developments of new effective devices for 
naval fleets are held as close secrets by the different nations, 
and great jealousy is exhibited in protecting these improve- 
ments, the very opposite is noted in the work of increasing 
the efficiency of the world’s life-saving service. Co-operation 
between the various nations is carried on extensively, and the 
discovery of a new plan for increasing the value of lifeboats 
or station equipments is quickly adopted by all. 
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England, America and France have led the world in the 
establishment of superior life-saving stations, lighthouses and 
other coast equipments for the protection of life and property 
on the high seas. Owing to their extensive and important 
stretches of sea coasts, it is natural that they should have 
taken the lead in this respect, and we look to them for the 
highest development of any particular feature of the work. 

The lifeboat has received a greater amount of attention 
from these three nations than almost any other part of the 
service. Experiments have been conducted on a large scale 
by representative experts in the three countries, and while 
the size, shape and general construction of the boats may 
differ somewhat to meet local conditions, they are, in the 
main essentials, the same in the three countries. The need 
has always been of lifeboats that were not only unsinkable, 
but self-righting and self-bailing. A boat which could be 
tossed about on the waves like a cockle-shell and still preserve 
intact its usefulness is the only type of craft that is of any 
value to a life-saving station. The early type of lifeboat 
could often ride successfully the huge breakers on coasts, but 
if once capsized it was rendered useless, and likewise if filled 
with water bythe waves it would become unmanageable, if it 
did not actually founder. 

For some time now unsinkable lifeboats have been in use, 
and also boats which would automatically right themselves if 
capsized, and at the same time bail out the water thrown into 
them by the waves almost as fast as it could enter. With 
the lifeboat developed to such a point of efficiency there 
seemed but one other improvement possible. Dependent 
upon sail and oars for its propulsion, there were times when 
tide and wind would balk it from reaching a disabled ship, 
and repeated launchings in the surf were of no avail. If some 
power greater than that exerted by seamen at the oars could 
be installed in the lifeboats, the greatest difficulty would be 
overcome. 

Within the last few years the problem has been solved sim- 
ultaneously in England, America and France. The gasoline- 
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driven lifeboat is no longer an experiment, but a demonstrated 
actuality. Improvements in the power and range of effect- 
iveness of the motors are still possible, but the practical use 
of the boats in the life saving service of the three countries 
indicates the future of this new type of craft. 

It was difficult to install a lifeboat with a gasoline motor 
of the right size and capacity, and the problem involved a 
number of important considerations that grew more perplex- 
ing as the work proceeded. To attain anything like an ideal 
type it was necessary to retain present qualifications of the 
lifeboat, such as its ability to right itself after capsizing, bail 
out the water thrown into it, and be absolutely unsinkable, 
but at the same time possess other more intricate merits. The 
gasoline motor had to be placed in absolutely watertight 
compartments, and prove automatic in control and operation. 
In the event of being capsized the motor should automatically 
stop, and when righted again be ready to work as before. 

One of the early successful adaptations of the gasoline 
motor to lifeboats in England was made at the Folkstone sta- 
tion in 1904. The experiments were tried that year with an 
old lifeboat, 38 feet in length and 8 feet beam. This boat 
was of the self-righting type, rigged with jib, fore-lug and 
mizzen sails, and double banks of twelve oars. She was 
equipped with air compartments to keep her from capsizing 
and sinking, but in placing a ten-horsepower motor in her 
some of the air cases under the deck amidships were removed. 
In place of the air cases a strong watertight compartment 
was built for the motor, pumps, vaporizers and electrical 
apparatus. The gasoline was carried in a metal tank forward 
and delivered by gravity to the engine. 

This experimental craft proved so successful, especially in 
working to the windward of disabled ships and approaching 
them in a heavy sea, that a series of tests were carried on 
under the direction and supervision of the Royal National 
Lifeboat Institution. Improvements were finally made which 
developed a type of gasoline lifeboat which could make a 
speed of six knots an hour with a full crew and stores, and 
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when capsized bya crane the motor would automatically stop 
running and when released the boat would immediately right 
itself. When righted by its own bouyancy the motor started 
again by turning the starting handle. The improved life- 
boat was placed in regular service at New Haven, and careful 
study of its actions in heavy seas has since proved its value. 

Another type of lifeboat driven by a gasoline motor was 
exhibited at the Life-Saving and Hygiene Exposition at Paris 
in 1904 by one who was connected with the Government 
Arsenal at Rochefort. This craft represented a new feature 
by virtue of its peculiar movable keel. In order to secure 
great stability in any kind of seas the lifeboats of modern 
times have been equipped with heavy keels fixed to the bot- 
tom. In most of the English lifeboats an iron keel weighing 
upward of 500 to 650 pounds was usually attached to the bot- 
tom about twenty inches below the water line. Years of prac- 
tical experience had demonstrated that the weight of this 
keel could not be increased much more without making the 
craft difficult of manipulation, and it was equally impossible 
to extend it downward much further without fatally handi- 
capping the boat’s operation on shallow coasts. 

{n the Henry type of lifeboat, with its movable keel, the 
attempt was made to increase the boat’s stability without de- 
creasing its efficiency in either of the above particulars. The 
movable keel consisted of a torpedo-shaped cast-iron weight 
of 650 pounds. This keel was movable so that when the boat 
entered deep water it could be extended downward, and when 
approaching land the keel could be raised, or if it struck an 
object it would ascend of its own accord. The movable keel 
enters a chamber in the bottom of the boat, and when in this 
position the draught of the boat is only two feet, but when 
fully lowered the draught is increased to five feet. The result 
of this device is that the boat has remarkable stability in a 
rough sea and is most difficult to capsize. In practical tests 
the lifeboat, with the keel lowered, safely breasted waves 
which would swamp and capsize almost any other type of 
craft. 
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This same boat was equipped with sails, oars and a small 
motor. While the motor was primarily intended as an auxil- 
iary power it has proved its efficiency in storms and rough 
weather, especially when approaching ships needing assist- 
ance. The danger of running up alongside of a ship in a 
heavy sea with a lifeboat propelled by oars and sail is easily 
imagined. With a small motor the management is made al- 
most as simple in rough weather as in a quiet sea. ‘The boat 
carrying 40 or 50 persons can make five or six miles an hour, 
and with only her crew and stores aboard she has developed 
eight miles by using the sail along with the motor. 

In France the gasoline-driven lifeboat has reached a degree 
of efficiency that makes it of special value, and it has become 
an important factor in the life-saving service of that country. 
The first Henry lifeboat is now stationed at Brest, and others 
have been constructed on similar plans both in France and 
England. At the port of La Rochelle the experimental op- 
erations of this type of lifeboat were made a short time ago 
before delegates of different life-saving societies of the world. 

In the United States the gasoline lifeboat has received in 
the last two years even more practical attention than in 
France and England. By virtue of our extensive sea coast, 
and the importance of shipping throughout its whole length, 
the lifeboat that can be efficiently managed in any kind of 
weather is of prime importance. The development of the 
type which has been adopted by the Government has been 
along lines similar to those of the English and French type, but 
with such modifications as local condition demand. None 
of the salient features of the improved lifeboat operated by 
oars and sails have been disregarded or weakened by the adop- 
tion of gasoline motors, The power boats are of the self- 
righting type, self-bailing and non-sinkable. 

The American type of gasoline lifeboat embodies nearly if 
not all the best features of similar craft used in foreign ser- 
vices. The motor has been installed not alone as an auxiliary 
power, but as the main dependence for propulsion through 
rough seas to reach disabled ships. Oars and sails are also 
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provided, and the speed of the boat can be increased thereby, 
but the motor is powerful enough to secure great headway 
without any help from the crew. 

The boat selected for the first test with gasoline-motor 
power has a hull 34 feet in length, 8 feet beam and 3 feet 
draught. It is rendered unsinkable by three cross airtight 
bulkheads and two longitudinal ones below the water line, 
These bulkheads are filled with 82 copper air tanks, so that 
the danger of sinking from a collision is reduced to a mini- 
mui. Half of these air tanks are sufficient to make the craft 
unsubmergible. To prevent the boat from capsizing there 
are two additional air chambers, one at the bow and the other 
at the stern, and these two extra chambers are sufficient to 
support the craft without the 82 copper tanks below the water 
line. The combined buoyancy of these numerous air cham- 
bers is enormous, representing upward of 12 tons. In actual 
tests it required 44 men to force the boat over on one side so 
that the deck scuppers were awash. 

But if water should enter the boat, either through excessive 
leaning or by the breaking of huge waves over it, there is no. 
danger of swamping. The craft is provided with abundant 
devices for self-bailing. A series of ten six-inch copper tubes, 
five on either side, run along the inside of the deck. Water 
shipped over the rails or when the boat is on its beam ends 
escapes through these tubes within a few seconds, and, as they 
are provided with automatic valves to shut off incoming water 
from the other direction, the craft can bail itself out contin- 
ually as fast as the waves pour into it. 

The American lifeboat is not equipped with the movable 
keel of the Henry type, but the placing of the heaviest weight 
below the center of gravity accomplishes the same end. The 
gunmetal keel of 1,050 pounds, the metal centerboard of 750 
pounds and the copper air cases of 900 pounds weight are so 
placed and adjusted that the total weight of 2,700 pounds acts 
as a great equilibrium factor and makes the boat remarkably 
stable. Lateral stiffness is obtained by the large movable 
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centerboard, the keel and the long, flat floor. Great stability 
in small craft is obtained in this way without a movable keel. 

The gasoline motor is of 20 horsepower, of the four-cylinder, 
auto-marine type, and drives an 18-inch propeller at 400 rev- 
olutions per minute. The motor is placed in the after air 
chamber, and is protected by a watertight door in the bulk- 
head. It is easy of access, but completely shut off from all 
air and water when in operation. Sufficient air is supplied 
for the purpose of completing combustion of gases by an in- 
genious pipe which runs direct to it from the outside. There 
are two fuel tanks in the forward chamber. The larger, of 75 
gallons capacity, is placed in the lower part of the boat, and 
the smaller, of 25 gallons, above it. The fuel is pumped from 
the lower to the higher, and then fed to the motor from this 
by gravity. 

The automatic control of the motor is simple and effective. 
When capsized the motor automatically stops, and when 
righted again it is immediately started by turning a crank. 
This control device consists of two pairs of rings mounted in 
a vertical position. The lower halves of the rings are of metal 
and the upper halves of some insulating material. A metal 
ball rolls freely in these rings, and makes the necessary elec- 
trical connection to cause ignition of the gas. So long as the 
boat is in an upright position the balls maintain constant elec. 
trical connection, but the moment the boat is upset the balls 
roll into the upper halves of the rings, which are composed of 
insulating material; electrical connections are immediately 
stopped and the motor ceases to operate. When the craft is 
righted the ball falls back into the metal halves of the rings, 
and it requires merely a turn of the starting crank to make 
the motor work. 

The dangers of a motor not automatically controlled when 
the boat is capsized in a rough sea are many. If not stopped 
it might get tangled in the rigging and kill some of the crew, 
or it would drive the boat away from the men so they could 
not regain it. Such control is absolutely essential to the suc- 
cessful operation of the modern lifeboat. 













840 NOTES. 


The lifeboat is steered by a rudder worked through a spur- 
wheel and curved rack, but it can instantly be disconnected 
and the rudder hoisted out of the water so that the craft can 
be steered by oars. Often in approaching the shore in break- 
ers a rudder is dangerous, and steering by an oar is essential. 
Provision is thus made for almost any emergency.—“ The 
American Marine Engineer.” 

















BRAZIL. 


New Gunboats for the Brazilian Government.—The gun- 
boats which we herewith illustrate are two of the seven 
gunboats—four of the larger and three of the smaller—tre- 
cently constructed by Yarrow & Company for the Brazilian 
government for service on the Amazon. The dimensions of 
the four twin-screw shallow-draft gunboats are: Length over 
all, 120 feet; beam, 20 feet; depth, 4 feet 9 inches. With 
a load of 25 tons they draw 25 inches, and have a speed 
of 12} statute miles an hour. They are fitted with Yarrow’s 
patented hinged flap, by means of'which it is claimed that 
one mile an hour additional speed is obtained, without addi- 
tional power or additional cost. 














TWIN-SCREW SHALLOW-DRAUGHT BRAZILIAN GUNBOAT. 


Two deck houses are provided, these being constructed of 
steel, one forward and one aft. The tops of these are con- 
nected by the battery deck with steel bulwarks all round, 
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and over this awnings extend from forward to aft, as will be 
seen in the engraving. The forward cabin is divided into two 
compartments, that forward being fitted up for the commander 
and the other arranged as a wardroom. The after cabin is 
fitted up as a petty officers’ quarters, and above is provided a 
hollow steel mast, with crow’s nest at the top. Above the 
forward cabin is the conning tower and the steering position, 
and above these again a searchlight platform. 

From a structural point of view, the feature of the design is 
the method by which longitudinal strength is obtained for 
these shallow lightly-constructed vessels. It lies in the connec- 
tion by the upper steel deck uniting the two deck houses, the 
bulwarks of this upper deck forming a girder throughout the 
amidship portion of the vessel. 

















SINGLE-SCREW PATROL LAUNCH FOR RIVER SERVICE. 


The propelling engines are triple-expansion, these being 
supplied with steam by a Yarrow water-tube boiler. The aux- 
iliary machinery includes steam steering engine, distilling 
apparatus, circulating engine, electric-light plant, fans and 
pumps. A steam capstan and warping gear is fitted forward, 
with the necessary anchor arrangements, and the usual ship’s 
boats are provided. These vessels were shipped in pieces, 
and were riveted up and launched on the banks of the Amazon. 

The dimensions of the three smaller single-screw gunboats 
are: Length, 75 feet; beam, 9 feet 3 inches; depth, 4 feet, 
They were also constructed on Yarrow’s tunnel system, with 
patented adjustable flap. 
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As will be seen in the illustration, the machinery space 
is completely inclosed. The machinery and steering station 
are protected by chrome steel plates, proof against the Lee- 
Metford rifle fire point blank at 20 yards. The boats are 
fitted with two rudders, and can be steered either from for- 
ward or from a sheltered position aft of the machinery space. 
A wooden awning is provided, extending from end to end, 
and there is a short deck forward, on which, it will be seen, is 
placed a sinall gun. 

This type of launch is now attracting considerable attention, 
because of its suitability for expeditionary work, its character- 
istic features being the extreme simplicity of the machinery, 
the engine being non-condensing, and the boiler of the loco- 
motive type, which is proportioned for burning wood. The 
draught, with steam up, is 14 inches, and on this draught a 
speed of 10 statute miles an hour is easily maintained. These 
launches were shipped entire from London, and are considered 
to be just what is required to keep natives under control on 
some of the rivers which pass through more or less unex- 
plored districts. 


ENGLAND. 


In the matter of Injuries to Ships, fate seems to be work- 
ing as hard as the Government in the direction of reduction. 
The following is‘a not necessarily complete list of ships that 
have been ashore or badly damaged in collision during the 
last year or so: Donegal, Good Hope, Dominion, Common- 
wealth, Montagu, Mars, Duncan, Albemarle, Prince George. 

Of these the Good Hope ripped up a good deal of her bot- 
tom; but as she was doing nearly 24 knots recently, her 
injuries must have been of a very temporary nature. The 
Donegal got off less lightly, and will probably always be 
something of a lame duck. The Dominion certainly will be, 
and the Commonwealth is likely to be non-effective for many 
months. The Montagu, of course, has gone for good. 
The Mars scraped her bottom at the Needles entrance to the 
Solent ; no information is forthcoming as to her present con- 
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dition. The Duncan grounded at the time of the Montagu 
salving, and probably did herself no good. The Albemarle 
has been reported very seriously injured by the recent colli- 
sion; but from all accounts, her name was used in error for 
the ship that she hit. Her real injuries are believed to be 
small. The Prince George is, or ought to be, used to acci- 
dents by now, and seems to have been unhurt by her recent 
hitting of a sand bank. 

H. M. S. Bellerophon.—The latest first-class battleship 
which has been built for the British Navy, the Bellerophon, 
was launched from the Royal Naval Dockyard at Ports- 
mouth, July 27. The Bellerophon is a sister ship to the. 
Dreadnought, but is slightly larger. Her displacement is 
18,550 tons, as compared with 17,900 of the Dreadnought, 
and she draws half a foot more water. In other respects her 
chief dimensions are the same as those of her sister ship, that 
is, her length is 490 feet, beam 82 feet and draught 27 feet. 
She is to be fitted with turbine engines of 22,000 horsepower, 
which are being built at Fairfield. It is estimated that her 
speed will be 21 knots. We believe that the Bellerophon 
will be similarly armed to the Dreadnought, with the excep- 
tion that she will carry 4-inch guns to resist torpedo attack, 
instead of 12-pounders. The rapid progress made in the con- 
struction of the ship may be gathered from the fact that she 
was only laid down on December 3d, 1905, and it is hoped 
that she will be ready for commissioning by the end of this 
year. 

H. M. S. Dreadnought.—The accompanying tabular state- 
ment gives the results of the last progressive speed trials of 
the Dreadnought. It was intended to make forty runs, but 
the new propellers were so obviously unsuitable to the condi- 
tions that the experiment was abandoned after twenty-eight 
runs had been completed. Using propellers on one side only, 
five degrees of helm kept the vessel steady on her course. It 
will be observed that the port engines, running alone, at 297 
revolutions per minute, giving 12,500 shaft horsepower, had 
a shaft torque approaching that given by both sets of engines 
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Ttunning at 341 revolutions, giving combined 27,500 horse- 
power. 

Both the old and new propellers are of the “cavitating” 
species, taking large power and giving small thrust, and the 
direction in which improvement may be hoped is not difficult 
to see. As the positions of the propellers fore and aft and 
athwartship cannot be altered, there only remain alterations 
in dimensions and forms of bosses, diameter, pitch, surface 
and number of blades and their thicknesses. And it is well 
to try propellers at deep-load draught. It is well to keep in 
mind that the ship was about 1,150 tons heavier than she was 
on her acceptance trials. 


H. M. S. DREADNOUGHT. 





Torque. Approximate. 


| —-.- —---__- 
Revs. per Speed, | Shaft a: 
minute. knots. | Inner | Wing | horsepower. Revs. | Slip 
shafts. shafts. | knot er 
| | knot. cent. 
Original Trials. 
132 ee ee ad 1,750 | 880 17.5 
165 II, a ae oe 3,500 goo 19.3 
298 19.4 6 -52 17,700 | 922 at.2 
337 21.6 ee 26,900 936 22.4 
341 21.8 . ao 27,500 938 22.5 
Recent Trials. 
215 14.6 -45 2 7,000 884 17.8 
294 19.0 8 4 18,000 928 21.6 
330 20.7 -93 6 26,400 957 24.0 
Ss { 233 12.0 .66 -38 6,435 1,165 7 
290 15.5 -9gI .56 11,500 1,122 35-4 
p! 248 13.0 .68 .38 7,100 | 1,145 36.5 
| 297 15.1 -94 .64 12,500 | 1,180 38.4 


S = Starboard engines only. 
P = Port engines only. 


The Dreadnought.—Reduced Speed at Full Draught.—A 
correspondent, whose position enables him to speak with 
authority, writes: When the Dreadnought carried out her 
full-speed trials she did 21 knots on a draught of 26 feet. On 
her arrival at Villagarcia, after she had completed with stores, 
her draught was 30 feet. It had been calculated that the 
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reduction in speed on completing with stores would be a } 
knot; instead of that the speed lost was 14 knots. On her 
full draught the ship is not a 21, but a 19}-knot ship. At 
present the officers cannot control her at 15 knots, and, there- 
fore, under this speed she is impossible as a station keeper. 

New Type of Armored Cruiser.—It is understood that the 
Admiralty have decided to make provision in the next ship- 
building programme for the laying down of a new type of 
armored cruiser at Pembroke Dockyard during 1908-9. In 
size she will range between a second-class cruiser and the 
ships of the Duke of Edinburgh class. ‘The vessel will be pro- 
tected by side armor, and will mount 7.5-inch guns. She 
will have a speed of 23 knots per hour, and her relatively 
large bunker accommodation will render her, with the 
features above mentioned, a suitable vessel for detached police 
duties in remote stations. 

Boadicea.—The unarmored cruiser Boadicea, recently laid 
down at Pembroke Dockyard, will have a length of 385 feet ; 
breadth, 41 feet ; load draught, 13 feet 6 inches, and displace- 
ment 3,300 tons. She will be fitted with turbine engines of 
18,000 H.P. Her armament will consist of five 4-inch breech- 
loading guns. She will have double bottoms constructed to 
carry oil fuel, and a large bunker capacity. 

Tartar.—The torpedo-boat destroyer Zaréar, ordered from 
Messrs. John I. Thornycroft & Co., Ltd., has been successfully 
launched from the company’s Southampton works. The 
dimensions of the vessel are: Length, 270 feet ; beam, 26 feet ; 
draught, 8 feet 2 inches. The contract speed is 33 knots. 
The vessel is to be fitted with turbine machinery of the Par™ 
sons type (built by Messrs. Thornycroft) and six Thornycroft 
water-tube boilers, arranged for burning oil fuel. The arma- 
ment will consist of three 12-pounder quick-firing guns and 
two 18-inch torpedo tubes. 

H. M. S. Cyclops.—This vessel has now been fitted to act 
as a floating dockyard. On her lowest deck is a fully-equipped 
foundry and forge, with cupolas, where damaged parts of 
machinery, can be replaced by new castings. Then there are 
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carpenters’, blacksmiths’ and armorers’ shops fully equipped, 
fitting works, coppersmiths’ and electricians’ departments. 
On a higher deck is a boiler shop, whete boiler and ship 
plates can be dealt with, punching and shearing machines 
being there just as in a land shipyard. A powerful crane 
travels all round the ship to lift repairs from the holds and on 
or off the warship that has come up for repairs. An electricity- 
generating station is also included in the Cyclops’ equipment 
for by this power all the machines and cranes are worked. 
Ice-breaking plant is also carried, and, as a contrast, refriger- 
ating machinery is also represented, whilst on another deck is 
a gigantic set of condensers, capable of supplying a whole 
fleet with fresh water. A crew of 300 men, mostly artificers, 
will be required on the vessel, which is believed to be the 
only specially-built craft of its kind in the world. 


FRANCE. 


French Submarines.—All the submarines actually in ser- 
vice in the French Navy are propelled entirely by electricity, 
and have but a limited radius of action. This is their princi- 
pal fault. The radius of action of the earlier types only allows 
of a journey of from 30 to 40 miles from the electrical charg- 
ing station. In addition to this the accumulators are subject 
to rapid deterioration ; they require careful management, take 
up a lot of space, and are very heavy. All these added 
together limit the employment of this type of boat. 

The speed is, as a rule, from 8 to 10 knots, and in order to 
remedy the slow speed and a limited radius of action, the 
types most recently launched or being constructed have been 
considerably modified. The submarine has been made more 
closely to approximate to the submersible, and in the near 
future they will form only one class. The submarines of 320 
tons displacement will be provided with petrol motors of 600 
H.P., capable of giving them a speed of 12 knots. 

The French Submarine Gymnote recently sank as she was 
leaving the docks at Toulon. One is not altogether surprised 
at the fate which has overtaken this boat. From the very first 
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her behavior has been erratic, and she has met with more 
than one mishap previous to her last exploit. The incident 
is a reminder how much has still to be learnt with regard to 
the design and construction of submarine boats in order to 
insure safety and stability under service conditions. She is a 
single-screw steel submarine boat, designed by Gustave Zédé. 
Her length is 56 feet 5 inches; diameter, 5 feet 11 inches; 
displacement, 30 tons; ['H.P., 558 knots surface speed, 6 
knots submerged speed. She carries detachable lead keel. 
The motive power is electricity, derived from Laurent-Cély 
battery. Radius, 32 miles at 8 knots, roo miles at 4 knots. 
Her armament consists of two 335-mm. torpedoes, carried in 
drop collars, one on each beam. 

Gambetta Class.—All three cruisers of this class have now 
done their ‘‘reliability trials.” The results are as follows: 
Victor Hugo, 96 hours—average, 19.5 knots; /ules Ferry, 
72 hours—average, 20 knots; Leon Gambetta, 24 hours— 
average, 19 knots. At the end of twenty-four hours the 
Gambetta did a couple of hours at full speed, and made 22 
knots. 

The French Battleship Patrie recently burned her funnels 
out. According to the semi-official ‘‘ Moniteur de la Flotte,” 
Messrs. Niclausse will have to pay for this. Were a similar 
rule enforced in this country some boilermakers would find 
contracts far from profitable, as funnels burned out more or 
less are by no means uncommon now-a-days after hard steam- 
ing bouts. 

French Cruiser Victor Hugo.—The third of the larger 
French armored cruisers, the /7zctor Hugo, has recently un- 
dergone her official trials. Her sister vessels are the Leon 
Gambetta and the Jules Ferry. 

The figures which we are about to give are interesting as 
affording a comparison between two.vessels of similar dimen- 
sions and provided with engines of the same type and calcu- 
lated power, but having different types of boilers. Thus the 
Leon Gambetta had Niclausse and the Victor Hugs Belleville 
boilers. Each has the same number, namely, twenty-eight ; 
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each has the same grate area, z. ¢., 154 m., 1,660 feet; but 
whereas the Leon Gambetta had 55,680 square feet of heating 
surface, the Victor Hugo has 55,830 square feet. They are, 














FRENCH CRUISER ‘‘ VICTOR HuGoO.”’ 


therefore, practically identical in every feature, though the 
later cruiser has a slight advantage in heating surface. 

The principal particulars of these vessels are set out in the 
following list : 


Length between perpendiculars............sesseee seesesees 148.35 m.—486 ft. 9 in. 
TIGGER CRIDOIIGS Sabiisca Siekesctbssccsesebscoceececs ancestacaes 21.40m.—70ft3in. — 
Displacement during trials..............secscceececseereseees 12,606 tons. 
CREE GI cveitinrcivisanssde sccteressnsecetuercniusbitkes 8.10 m.=26 ft. 7 in. 
Draught, fully loaded. .....ccccccccccccesesccccee scccccccscocece 8.50 m.—=27 ft. 11 in. 
Total buukers capacity. .........csccccosccsssssocccee soscesessece 2,100 tons. 
Contract speed for three hOurs...............ceeeeseeeeeeseees 22 knot. 
Armor : 
Fore, depth above water-line.........00-.sesccesssesseseee 5.20 1.17 ft. 1 in. 
DORR NONI iniciscinteccvvccvngsiscosestes 1.40 m.—4 ft. 7 in. 
Midships, depth above water-line.............+.. wahcboae 2.30 m.=7 ft. 7 in. 
below water line ....................00 1.40 m.—=4 ft. 7 in. 
Aft, depth above water-line.............seseecscseeseeenees 2.30 m.=7 ft. 7 in. 
below water-line.......cccccccessssserssseceeeee 3 ft. Q in. 
Thickness, fore.......... go mm.—3} in.; 70 mm.=3 in., and 56 mm.—2 in, 
midship... 170 mm,=7 in.; and 125 mm.=5 in. 
Wen divrnrsins go mm.—3}in.; and 70 mm.==3 in; 
DUB ciescctiisintivksheatctpnnsees, ceerinntvtanientnntesiadag 20 mm.=¢ in. 
Armor, athwartships bulkhead, fore and aft ........... 120 mm.==4.8 in. 
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Lower armor deck, thickness, flat..............000:sseeees 40 mm,.—1.8 in. 
IIT cnc uncatdnedsnecine 56 mm,—2.2 in. 
Upper armor deck, thickness, flat .............0.-seseeeeess 20 mm,—o.8 in. 
IE iin tae ddicenctiveds 34 mm,=1.3 in. 
Engines, three in number— 
Leon Gambetta. Victor Hugo. 
Rs ipcciatnicecdnchunnes 28 Niclausse. 28 Belleville. 
Surface of grate.............+ 154 m.¢ —1,660 ft.¢ 194 m.¢ 1,660 sq. ft. 
Heating surface............ 5,173 m.e 55,680 ft.e 5,186 m.¢ 55,830 sq. ft. 
Number of boiler rooms.... 8 8 
Number of funnels........... 4 of 21 m.=6g ft. 4 of 21m. 69 ft. 
Coal, normal bunkers....... 1,400 tons. 1,400 tons. 


With the full bunker capacity of 2,100 tons the active 
radius at 10 knots is 12,000 miles, and at full speed 1,500 
miles. The armament in the turrets consists of four quick- 
firing guns of 194 mm., (7.6 inches), and twelve quick-firing 
guns of 164 mm., (63 inches); in casemates, of four quick- 
firing guns of 164 mm., (6} inches); besides twenty-two quick- 
firing guns of 47 mm., (three-pounders). There are two tor- 
pedo tubes, each of 450 mm., (18 inches). The turret armor 
has a thickness of 200 mm., (8 inches) for the 7.6-inch guns 
and 140 mm., (5$ inches), for the 63-inch guns. The case- 
mates have a thickness in the outside plating of 120 mm., 
(s inches); in the top plate of 22 mm., (1 inch); and in floor 
plate of 30 mm., (1} inches). The fore-and-aft fire consists of 
two guns of 194 mm. and eight guns of 164 mm.; and the 
broadside fire of four guns of 194 mm. and eight of 164 mm. 

The following table gives a comparison of the trials of the 
Leon Gambetta and Victor Hugo: 


TRIALS. 





| Full speed, 3 | Ordinary speed, 24 | Consumption trial, 6 
hours ours. ; 
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Number of boilers at work...... All 28 28 All 28 | 28) ... 4 12 
Grate surface M® .....cece-«-s+-00 7m 154 15, a 154 | 154 ... | 2,262 12 
Mean 1.1. P.....c000 -+eeeeeeseeeeees| 27,500|29,008 (28,436 (16,00016,911 | .. ws | 2,500 8,948 
Consumption per IHP., kilos.| ... |29,008 | 0,777 0,850) 0,761 0,658 0,850) 0,739 0,651 
: m? of grate,| | | 
kilos = 29,0088 | 14 ‘in 83 | 77\ «0 81 76 
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Launch of the French Battleship Verite.—The Société 
Anonyme des Chantiers et Ateliers de la Gironde, La Bas- 
tide-Bordeaux, launched in the presence of the Minister of 
Marine on Tuesday, May 28th, at 6°30 A. M., from their yard, 
situated on the right bank of the River Garonne, the battle- 
ship Vérité, the principal dimensions of which are: 


Length between perpendiculars 133.8 m., feet......- ......cscssesesseeeee 439 
Main breadth, 24.25 m., feet and inches....................--cececeeessesese 79-06 
SGT COINS, EF.GE Bs, FONE nc dcned ceceessnsnosdicacunpingiacdincadiesears 41 
Draught, forward, 7.98 m., feet and inches....,........--.sscsscseceeeseeees 26-02 
amidships, 8.20 m., feet and inches.............:ssssseseesseeees 26-11 
lt, Tai We., TUE WS Tino ncciie oss ccd icesediciveck bskonbeuve 27-07 
Area of amidship section, 179.75 sq. m., square feet..............sse0000 1,932 
DRO RRGIUE, COIR 5 6a dicess/nsoennsce niches: oncetnnppsansetignlianaencsivectesiyun’ 14,870 


The sister ships of the Vérz#é are the Démocratie, in course 
of completion at Brest dockyard; the /ustzce, ordered from 
the Forges et Chantiers de la Méditerranée, La Seyne; and 
the Zzserté, in course of completion with the Chantier et At- 
eliers de St. Nazaire. The four ships were included in the 
French Navy programme for 1900, and were put down in 1902, 
but their construction was suspended during several months, 
under the Pelletan Ministry, with a view to cut down ex- 
penses, and to devote all available funds and all the indus- 
trial facilities of the nation to the construction of smaller 
craft and submarine boats. The submarine craze is, there- 
fore, largely responsible for the time taken in placing the four 
above-mentioned units on the list of ships available for active 
service. 

The interesting feature in the operation which took place 
on May 28th at Bordeaux is the fact that the Vérzté was 
launched go per cent. completed, with her engines and boilers 
mounted ready, her side and deck armor and her turrets fitted 
and in place. In one month from now she is to be inspected 
by the Admiralty Commission; she will then proceed to 
Brest under steam for her official trial runs. Her launching 
weight is 12,500 tons; this, we believe, is the heaviest weight 
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ever launched. In this the hull and armor enter for about 
5,000 tons each, and the engines and boilers for about 1,000 
tons. The time occupied by the vessel while gliding down 
the launching ways was about 50 seconds. 

Owing to the local conditions of the river and to the 
absence of a dry dock in connection with their yard, the 
Chantiers de la Gironde have invariably launched their ships 
almost completely finished. But the Vérzté is the largest 
they have built and so launched, and will be the last they 
will build under similar conditions. They have recently laid 
the keel of the Vergnzaud, one of the six 18,350-ton turbine, 
22,500 horsepower, 19-knot battleships of 1906 programme, 
and have in course of construction a dry dock in which to 
complete this ship and all others they will build in the 
future. The Vérzté was built on a slipway served by two 
60-ton steam travelers, 26.6 meters (87 feet 3 inches) high 
and 30.5 meters (100 feet) wide, which ran over the whole 
length. 

Among their contributions to the larger fighting units of 
the French Navy we may mention the armored cruiser 
Kléber, 7,700 tons; the cruiser Protet, 4,114 tons; the tor- 
ipedo-boat-carrying cruiser Foudre, 6,090 tons; the cruisers 
Infernet, Chanzy, and a large number of torpedo boats and 
ships for the merchant service. 

The engines of the Vérzté, built by Messrs. Schneider & 
Co. at their Creusot Works, are vertical, three-cylinder, com- 
pound, three in number, each driving a propeller. They are 
mounted in three compartments, separated from each other 
by longitudinal watertight bulkheads. They develop, in- 
cluding the accessory engines and feed pumps, a total of 
18,000 horsepower at 110 revolutions. Steam distribution is 
by Stephenson link motion and cylindrical valves : 


Diameter of high-pressure cylinder, 0.860 m., inches.....:...00...-..se0e+ 3344 
intermediate cylinder, 1.240 m., inches ......00...seee..seeeee 49 
low-pressure cylinder, 1.920 m., inches........00....cecceeesss 76 


A: FB TR, Sai acee vrctabnccness occa sacabsvenccncstecs ecedene ipteeanve 45¢ 
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The boilers are of the Belleville type, and are twenty-two 
in number, their principal characteristics being : 


Pressure, 21 atmospheres, pounds per square inch..................cseee00 308 
Waianae OE TI eieictse casas ine bin cigneihniiiis tiga adtedetpesi dees 5 
Total grate aren, 127 OC]. M1., SUATC FEOt..0000..rccccee cesseesccssvereccoseccne 1,365 

wetted heating surface, 3,600 sq. m., square feet....... ............ 38,700 


The three propellers are four-bladed; the central and 
starboard propeller are left-handed, and the port one is right- 
handed. The central propeller is 4.8 meters (15 feet 9 inches) 
in diameter, and the two lateral ones 5 meters (16 feet 5 inches). 
The contract speed for the ship is 18 knots. 

Her armament is to consist of four 305-millimeter (12-inch) 
guns, mounted in two revolving armored turrets on the center 
line of the ship, one forward and one aft; ten 194-millimeter 
(7.63-inch) guns, six of which are mounted in six armored 
turrets for broadside firing, and four in four armored “block- 
haus;” thirteen 65-millimeter (2.56-inch) quick-firing guns 
distributed over the tween deck; and ten 47-millimeter (1.85- 
inch) quick-firing guns on the bridges and in the fighting 
tops. There are, besides, two submarine torpedo-launching 
tubes for 450-millimeter (17.71-inch) torpedoes. The arma- 
ment will include, also, six automobile and twenty automatic 
mechanical torpedoes. 

She is protected by belt armor formed of cemented steel 
plates 280 millimeters (11 inches) thick at the center, taper- 
ing down to 180 millimeters (7 inches) at both ends of the 
ship; also by an upper armored deck of special steel plates 
54 millimeters (24 inches) thick, and by a lower armored 
deck, the horizontal plates of which’are 51 millimeters (2 
inches) thick, and those on the slant 70 millimeters (2? 
inches). The armor of the rotating turrets for the 305-milli- 
meter (12-inch) guns is 280 millimeters (11 inches) thick, 
formed of cemented steel plates; the 194-millimeter (7.63- 
inch) guns are protected by plates of the same quality, 200 
millimeters (7.87 inches) in thickness; the ‘ blockhaus” 
plates are 300 millimeters (11.81 inches) thick. 
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A New Turbine-propelled Torpedo Boat known as G 737, 
built at Kiel, developed a speed of 32 knots an hour on her 
trial trip on July 30 in Eckernfoerde Bay. 

Danzig.—This small German cruiser on her trials made 
22.96 knots with 12,114.indicated horsepower. She thus fell 
a trifle short of her designed speed. She is the last of the 
seven Bremen class, and the only one to be under 23 knots 
on trial. It is interesting to note that with most of these 
German cruisers those built by contract beat those construct- 
ed in the Imperial Dockyards. 

The trial speeds obtained by this particular Bremen class 
were as follows : 


Speed, knots. Builder. 
I ss sidienintinins desiebcidiboens eeu WO Soiccssn st seodiaieiibics Weser, Bremen. 
PEIREIEE wrcikucttassaninexesipasaapavects BB.E  cconcesccscossonssose Vulcan, Stettin. 
POE a setioakions  seabbanereannahineatante 23.2  reseeeeceeeeeeeeeeeeeDanzig Dockyard. 
EaabaGh (tat AeS) «0010. .occeversesesisce aE hecedevatblectdpetas Vulcan, Stettin. 
INT edivcripedionesiaies dediesticdrons 23.4  seecrerseessecececeee Weser, Bremen, 
hihi patadcdbnitdermrenilecdnsiens 5 ciccsnpsammntds Weser, Bremen. 
MIE Bievtassdusunes cadheecestanakasiness DRED sccrumtexavemsesicss Danzig Dockyard. 


Ersatz Baden.—The contract for the third German Dvread- 
nought, the Ersatz Baden, has been secured by the Krupp 
Germania yard at Kiel. The displacement of these ships is 
now stated to be 19,000 tons. The armament is sixteen 11- 
inch guns of socalibers each. Speed, about 19 knots. 

Emden is to be made into a first-class torpedo station for 
the German Navy. It is already a secondary station, but in 
future it will be the chief North Sea torpedo base. Cux- 
haven is being made into a Rossyth; or, rather, the Germans 
are doing there what the English might have done in the 
Humber. 

The German Armored Cruiser ‘‘F’’ is to be built at the 
Weser Yard, Bremen. She is of 19,200 tons displacement; 
armament, twelve 11-inch; speed, 25 knots; horsepower, 
50,000. ‘Turbine machinery. 

German Torpedo Boats.—A series of torpedo boats, G 732 
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to G 137, is now completed. These torpedo boats have a dis- 
placement of 440 tons each and steam at the rate of 27 knots 
per hour; one of them even exceeded 28 knots per hour on 
her trial trips. A new series of German torpedo boats is con- 
templated with a prescribed speed of 30 knots per hour. 

Schlesien and Schlesweig-Holstein.—With the launch of 
these two ships there will be twenty-four German battleships 
afloat, having each a displacement of from 10,000 to 13,200 
tons. A new period in naval construction will now begin, 
in which the displacement will be increased to 18,000 tons, 
and the armament will be completely altered. This is ex- 
pected to increase the cost of building each ship from £1,- 
212,500 to £1,825,000. The twenty-four battleships just 
mentioned constitute the total output in battleships during 
the present Emperor’s reign. Of the number, eighteen have 
been built in private yards, and only six in Government 
yards. 





THE ITALIAN NAVY. 





In 1898 Messrs. C. & T. T. Pattison, of Naples, were com- 
missioned by the Italian Government to build a number of 30- 
knot destroyers. The design and working drawings of the 
hulls and machinery were supplied by Messrs. John I. Thor- 
nycroft & Co., of Chiswick and Southampton, the boats being 
of a similar type to those built by them for the British and 
Japanese navies. The dimensions of this class are as follows : 
Length, 210 feet; beam, 19 feet 6inches; draught, 7 feet 6 
inches. The engines are of the four-cylinder, triple-expan- 
sion, Thornycroft, inclined, condensing type each set having 
four cylinders as follows: High-pressure cylinder is 22 inches 
in diameter, intermediate cylinder 29 inches in diameter, and 
two low-pressure cylinders each 30 inches diameter. The 
stroke is 18 inches. The contract is for 6,000 I.H.P. and the 
designed boiler pressure is 220 pounds. 

The armament consists of one 12-pounder quick-firing gun 
and five 6-pounder quick-firing guns, and there are two tor- 
pedo tubes. 
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All the eight destroyers of this class have been launched 
and have fulfilled most satisfactorily the guaranteed condi- 
tions, each boat attaining a speed of at least 30 knots. It is 
interesting to note that they were the first destroyers to be 
built in Italy, and they reflect great credit on the builders, as 
the results obtained with them were as good as those obtained 
by Messrs. Thornycroft in England with boats of similar 
design. 

Messrs. Pattison also obtained orders for four first-class tor- 
pedo boats from designs supplied by Messrs. Thornycroft, 
which resembled boats recentiy built at Chiswick for the 
British Government, except that twin screws were fitted in- 
stead of single screws. These boats also have gone through 
their trials with great success. 

The following table shows the mean speeds obtained on 
the three-hours’ official trial of six of the torpedo boats: 


Pegaso, , ; : ‘ } ; 25-46 knots. 
Perseo, ; ; 4 : . : j 25-72 knots. 
Procione, . ; ; : : : , 26.02 knots. 
Pallade, . ; ; : ‘ , : 26.63 knots. 
Cigno, ; : : : ‘ 26.40 knots. 
Casstopea, . ; : ; ; . 25-40 knots. 


The contract speed was 25 knots. 

It will be seen that this was well exceeded in every case, 
the Pallade, for example, making 26.63 knots. 

Subsequently to the placing of these orders the Italian 
Government called for tenders from Italian builders for de- 
stroyers and torpedo boats which were to be of Thornycroft 
type. Messrs. Ansaldo Armstrong & Co., of Genoa, and 
Messrs. Odero fu Alesso, of Sestri Ponente, became licensees 
of Messrs. Thornycroft in Italy, and orders were placed with 
the former firm for four destroyers and with the latter for six 
torpedo boats, Messrs. Pattison also getting six additional tor- 
pedo boats. 

In the design of the new destroyers Messrs. John I. Thor- 
nycroft & Co., Ltd., at the desire of the Italian Government, 
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arranged for complete coal protection of the engines as well 
as the boilers of both types of boat. In the destroyers the 
engines are echeloned and each engine is in a separate water- 
tight compartment. 

The leading dimensions are: Length, 211 feet 6 inches; 
beam, 20 feet o inches; draught, 7 feet 6 inches. 

The engines are of the same type as those of the Nemdéo 
class already described, but the cylinders are 21-inch, 284-inch 
and two of 30-inch diameter by 18-inch stroke. There are, 
as in the Meméo class, three Thornycroft water-tube boilers. 

The armament consists of four 12-pounder quick-firing 
guns, and there are three torpedo tubes. The full comple- 
ment of men is fifty-three in both the MVemdboand Bersagheve 
classes. 

It may here be mentioned that Messrs. Ansaldo Armstrong 
& Co. are also now building six stock destroyers identical in 
all respects with those of the Bersaglieve class for the Italian 
Admiralty. 

Twenty-four of the thirty Thornycroft water-tube boilers 
required for these ten destroyers have been or are being 
built by Messrs. Thornycroft at Chiswick, the remaining six 
being built, under license, by Messrs. Pattison at Naples. 
The leading dimensions are as follows: Length, 164 feet o 
inches; beam, 17 feet 4 inches; draught, 7 feet o inches. _ 

The engines are of Thornycroft type and consist of two 
sets of vertical, triple-expansion condensing engines with three 
cylinders, 17 inches, 23} inches and 36 inches in diameter, 
the stroke being 14 inches. They are capable of developing 
about 3,000 I.H.P. There are two Thornycroft water-tube 
boilers in separate watertight compartments, which supply 
steam at 200 pounds pressure. The armament consists of 
three 3-pounders and there are three torpedo tubes. 

Three of these vessels have been tried and have exceeded 
their contract speed, the Ca/iopfe having attained a speed of 
26.38 knots. 

Trial Results of the Regina Elena in her 24-hours’ trials 
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at four-fifths power showed 15,200 horsepower—I.H.P. 15,- 
473=20.33. The Mttor Emanuele in her preliminary runs 
at four-fifths for eight hours made 16,000 I.H.P. and 21 knots. 


JAPAN. 


The report that the Japanese battleships Aéz and Satsuma 
have turbine machinery is incorrect. Both are fitted with 
reciprocating engines. The two new battleships in hand are, 
however, to have turbines. The report that one of these will 
be built in England is premature, because preparations for 
building both have been made in Japan. A sum of £2,500,- 
000 has, however, been allotted to replace ships lost in the 
late war, and it is not impossible that, Japanese yards being 
full, some of this money will find its way to other countries. 


RUSSIA. 


Preparations for building a Dreadnought have commenced 
in Russia at Galernii Island Dockyard. This ship will carry 
ten 12-inch, but be of over 22,000 tons displacement. It is 
estithated that she will cost well over ten million dollars. 


MISCELLANEOUS. 


Portugal intends adding to her fleet two destroyers, six 
torpedo boats and two submarines. 

Two Austrian Submarines have been ordered in Germany. 
They will be of the same general type as “ U,” but larger, as 
the displacement is about 300 tons. The horsepower will be 
300, and the surface speed from 12 to 13 knots. 
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The New Hamburg-American Liner President Lincoln.— 
This new steamer, which is a sister of the Prestdent Grant 
(soon to appear), reached New York on her maiden trip, after 
a stormy voyage, early on the morning of June 13, and sailed 
for Hamburg June 22. The ship covered the distance of 3,047 
nautical miles from Cuxhaven to Sandy Hook in 9g days 18 
hours and 54 minutes, the average speed being 12.97 knots. 
The days’ runs were 360 nautical miles as a maximum and 
24I as a minimum, due to bad weather. The maximum 
represents a speed of 15 knots and the minimum of 10.04 
knots. 

These steamers were built by Harland & Wolff, Limited, 
Belfast, and were intended originally for the Leyland Line. 
Before completion, however, both vessels were taken over by 
the Hamburg-American Line. They measure 615 feet in 
length, with a beam of 68 feet 6 inches, a gross tonnage of 
17,540 tons, and a net tonnage of 11,233 tons. The hull is 
constructed of steel, with a cellular double bottom extending 
the full length, and watertight bulkheads form a subdivision 
intended to provide fully for safety. The steamer presents a 
unique appearance, largely because of her six pole masts fitted 
with cargo derricks, this being the first six-masted steamer, 
since the famous Great Zastern, to enter the port of New 
York. The derricks are all of five tons’ capacity, and six are 
located on each mast, with the exception of the fourth and 
sixth masts, counting from the bow, which have respectively 
four and three derricks. 

On the promenade, bridge awning and upper decks are pro- 
vided accommodation for 324 first-class passengers, a number 
of the staterooms being fitted with a single berth each. The 








860 MERCHANT SHIPS. 


first-class dining saloon is situated on the upper deck amid- 
ships, and covers the full breadth of the vessel. Accommo- 
dation is provided for 228 diners. This compartment is 
finished in polished hardwood, with satinwood and lincrusta 
panels and a parquet floor. A large smoking room is placed 
aft on the boat deck, the paneling and framing being of carved 
oak, and the seats and chairs upholstered in maroon leather. 
The floor is covered with india rubber tiles, while a skylight 
with a butterfly design is placed over the center of the apart- 
ment. The social hall is located at the forward end of the 
boat deck, and is paneled in carved satinwood, inlaid and 
upholstered in moquette. An electrically-operated gymnasium 
and a room for electric baths and massage have been placed 
on the boat and bridge decks, while a small room devoted to 
the wireless telegraph equipment enables messages to be sent 
to a radius of 150 miles, and received from a somewhat greater 
distance, from more powerful installations. 

The second-class accommodation provides for 125 passen- 
gers in two, three and four-berth rooms, located aft of the 
first-class quarters. The dining saloon will seat all of these 
passengers at once, and is furnished and decorated in white, 
with medallions in panels; the smoking room and social hall 
are also tastefully decorated. Third-class passengers are ac- 
commodated on the middle and lower decks aft, where pro- 
vision is made for 1,004. The dining saloon on the upper 
deck aft will seat 400, and is paneled and decorated in white. 
A smoking room is provided for third-class passengers. Steer- 
age accommodations are placed on the middle and lower 
tween decks, for 2,320 persons. This makes a total passen- 
ger capacity of 3,773. The crew numbers 344, making a 
total personnel of 4,117 when all berths are filled. 

To deal expeditiously with the large cargo which this 
vessel will carry there are eleven cargo hatches for the seven 
holds, and steam winches operate in conjunction with the 
steel-derrick booms, before mentioned, to load and unload the 
cargo. On the orlop deck are large store rooms for provisions 
for the passengers, including refrigerating rooms for meats, 
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etc. The system of ventilation consists of both natural and 
artificial types, the latter being by means of electric fans. 
Electric hoists are installed to convey goods from the store 
rooms to the galleys and pantries, and a number of electric- 
ally-operated machines are in use in the culinary department 
for various purposes. ‘here are sixteen large lifeboats, be- 
sides a provision of life rafts carried in four stacks. The ship 
is fitted with bilge keels, to minimize rolling. 

The propelling machinery consists of two sets of quadruple- 
expansion engines driving twin screws, with a maximum of 
8,500 horsepower and a sea speed of 14 knots. The cylinder 
diameters are respectively 25, 36, 52 and 75 inches, with a 
common stroke of 54 inches. At full power the revolutions 
per minute are 86, corresponding with a piston speed of 774 
feet per minute. The low-pressure cylinders are fitted with 
D-slide valves and a balance cylinder, the other cylinders 
having piston valves, one for each cylinder. The arrange- 
ment of cylinders places the high-pressure forward, with the 
second intermediate next, then the low-pressure, and the first 
intermediate aft. The high-pressure and low-pressure valves 
are forward of their respective cylinders, the other valves 
being aft. These valves are operated by Stephenson double- 
bar links, actuated by two eccentrics each. The engines are 
balanced on the Yarrow-Schlick-T weedy system. 

Steam is furnished by six boilers, of which four are double- 
ended and two single-ended. There are three furnaces in 
each end of the double-ended boilers and three in each of the 
single-ended, making a total of thirty furnaces. The aggre- 
gate grate surface is 55 square meters (592 square feet); the 
heating surface is 2,100 square meters (22,600 square feet) ; 
the ratio between the two is 38.2 to 1. The boilers are all of 
a diameter of 14 feet 8 inches, the lengths being 19 feet 10 
inches and 10 feet 9 inches respectively. Howden’s forced- 
draft installation is fitted. The steam pressure is 215 pounds 
per square inch. 

The condensers are located in the back columns of the low 
and first intermediate cylinders, that is, in the after half of 
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the engines. The propellers have each a diameter of 6 meters 
(19 feet 8 inches) and a pitch of 6.1 meters (20 feet); this 
- makes a pitch ratio of 1.017. The shafting is carried out 
through spectacle frames to avoid the use of outside struts. 
There are eleven sections in each shaft, the two sections of 
crank shaft having a diameter of 15} inches. The thrust 
shaft has seven thrust collars. The line shaft, in seven sec- 
tions, is provided with two bearings to each section for steady- 
ing purposes. 

Four sets of direct-connected generators and engines fur- 
nish electricity for both lighting and power purposes. Three 
of these are of 480 ampéres capacity each, and the other of 
200 ampéres ; all are operated at 100 volts, the larger types 
being run at 300 revolutions per minute. The three larger 
ones have compound engines with cylinders 10 and 17 by 10 
inches, and are located just aft of the engines on the main 
engine-room floor. The fourth unit has a single cylinder, 9 
by 8 inches, and is located in a little compartment above the 
water line, just aft of the engine room, in order to be avail- 
able in case of emergency, should the engine room be flooded. 
All were furnished by W. H. Allen, Sons & Company, 
Bedford. The refrigerating machinery, which includes a 
compound steam engine operating a single compressor, was 
furnished by J. & E. Hall, of Dartford. The anchor winch 
is from John H. Wilson & Company, Limited, Sandhills, 
Liverpool.— International Marine Engineering.” 
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Alexandra.—The new turbine-yacht, the Alexandra, built 
for His Majesty the King, was launched on Thursday, May 
30th. This vessel was the subject of competition on the part 
of a number of the principal yacht-builders in the United 
Kingdom, who were required to send designs and models to 
the Admiralty under conditions which precluded any possi- 
bility of the author of the design becoming known to the 
adjudicators. The plans were considered by a Committee, 
and after long consideration the order for the new yacht was 
placed with Messrs. J. & A. Inglis, Limited, of Glasgow. This 
was regarded as well-merited recognition of the undoubted 
reputation of the firm for their excellence in this department 
of naval architecture. The result will be looked forward to 
with considerable interest. 

The new yacht is to serve as an auxiliary, rather than as a 
substitute, for the Victoria and A/ddert, built in 1899, but there 
can be no doubt that, owing largely to the more convenient 
size, and especially the lighter draught, the new vessel will be 
preferred for most purposes. The Victoria and Albert has a 
length of 380 feet, a beam of 50 feet, and her designed draught 
was 18 feet, equal to a displacement of 4,700 tons. The new 
yacht is 275 feet long, of 40 feet beam, and 12 feet 6 inches 
draught, and she is expected to displace 2,050 tons. She has 
a bridge-deck 150 feet long, which is carried over the full 
width of the ship, being supported at the sides on stanchions, 
so that there is afforded a sheltered promenade. The pavil- 
ion covered by this deck contains the reception room, dining 
room and pantry, with two small boudoirs arranged to afford 
a clear view ahead and astern as well as on each broadside. 
Forward under the bridge there is the smoking room, along 
with the rooms of the commander of the ship, and the surgeon 
and other officers. On the main deck in the after part of the 
ship is the suite of royal rooms, with rooms for the secreta- 
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ries, equerries, ladies-in-waiting, and other attendants. The 
yacht is also most admirably arranged for the accommodation 
of guests, officers and crew. 

A feature is the adoption of the Parsons turbines for the 
propulsion of the ship. The turbines are designed to develop 
4,500 horsepower, to give a speed of 18} knots. The usual 
three-shaft arrangement—one now universal in the mercantile 
marine—is adopted, with one high-pressure and two low- 
pressure turbines, and reversing turbines incorporated in the 
exhaust casing of each of the low-pressure turbines. The 
turbines have been designed according to the latest practice 
in the light of experience obtained. Special attention has 
been given to accessibility and to convenience in the overhaul 
of the various parts with a minimum of disturbance of the 
remainder of the engines. All the bearings are under forced 
lubrication, with all the latest fittings and sight-connections 
for the observation of free flow of oil through the bearings. 
None of the bearings is water jacketed, as in earlier turbines ; 
a special independent oil cooler is provided for cooling the oil. 
With a view of maintaining a high vacuum the Parsons 
patent vacuum augmentor arrangements have been fitted in 
this vessel. 

The starting platform and operating valves are on a level 
with the turbines, so that the engineer has a full view of the 
whole of the engine room and auxiliaries under his charge. 
For starting, there is only one simple valve. The maneuv- 
ering valves—v. e., one for the low-pressure ahead and the 
other for the astern—are combined, and operated by one 
handle. The starting gear is arranged so that these valves 
are practically horizontal. 


NOTES OF THE SOCIETY. 


At a special meeting of the Council held on June 25, 1907, 
the Secretary-Treasurer was authorized to purchase one 
one-thousand dollar bond of The Washington Railway and 
Electric Company. This bond has since been obtained. 
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